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1 Introduction
From RAN1#66 to RAN1#68bis meeting, several agreements for inter-band carrier aggregation have been made as described in Annex 1. Email discussion continues until RAN1#69 on the remaining details of supporting different TDD UL-DL configurations on different bands. 
2 Reference HARQ/scheduling timing for SCell PDSCH/PUSCH transmission

According to the different configurations from Pcell and Scell(s), 3 different cases for PDSCH HARQ timing are identified as follows in Table-1,

Case A
· Scheduled scell downlink subframes are a subset of PCell
Case B

· Scheduled scell downlink subframes are a superset of PCell

Case C

· Scheduled scell downlink subframes are neither a superset nor a subset of PCell

Table 1: 3 Different cases for PDSCH HARQ timing on SCell
	PDSCH HARQ timing on SCell follows TDD UL-DL configuration # 
	Pcell SIB-1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scell SIB-1 UL-DL Configuration
	0
	
	A
	A
	A
	A
	A
	A

	
	1
	B
	
	A
	C
	A
	A
	B

	
	2
	B
	B
	
	C
	C
	A
	B

	
	3
	B
	C
	C
	
	A
	A
	B

	
	4
	B
	B
	C
	B
	
	A
	B

	
	5
	B
	B
	B
	B
	B
	
	B

	
	6
	B
	A
	A
	A
	A
	A
	

	
	Case A
	Case B
	Case C
	


According to the different configurations from scheduling cell and scheduled cell, 4 different cases for PUSCH HARQ/scheduling timing are identified as follows in Table-2 when cross-carrier scheduling is used,

Case A

· UL subframes indicated by the scheduled cell SIB1 configuration are a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

Case B

· UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

Case C

· UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

Case D

· PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms
Table 2: 4 different cases for the reference PUSCH HARQ/scheduling timing on Scell
	HARQ/scheduling timing of PUSCH on Scheduled Cell follows TDD UL-DL Configuration #
	Scheduling cell SIB-1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scheduled cell SIB-1 UL-DL Configuration
	0
	　
	B
	B
	B
	B
	B
	D

	
	1
	D
	　
	B
	C
	B
	B
	D

	
	2
	D
	A
	　
	C
	C
	B
	D

	
	3
	D
	C
	C
	　
	B
	B
	D

	
	4
	D
	A
	C
	A
	　
	B
	D

	
	5
	D
	A
	A
	A
	A
	　
	D

	
	6
	D
	B
	B
	B
	B
	B
	　

	
	 Case A
	Case B
	Case C
	Case D
	　
	　
	　


3 Issues
3.1 Missing part of reference HARQ/scheduling timing table
Based on the categorization, the current agreement and working assumption for Inter-band TDD CA is listed in Table-1 and Table- 2 in case of self-scheduling and cross-carrier scheduling respectively (after RAN1#68bis). 
· The green part indicates there is an agreement on that particular case.
· The yellow part indicates there isn’t an agreement or there is only a working assumption on that particular case.
Table 1 - Reference HARQ/scheduling timing on SCell (Self-scheduling case)
	
	(1) Support or Not?
	(2) Reference timing
	(3) Notes

	DL-Case A
	Yes
	PCell
	

	DL-Case B
	Yes
	SCell

	For half duplex, working assumption is follow SCell SIB1 HARQ timing, can be revisited after discussion of other DL and UL cases

	DL-Case C
	Yes
	timing table in alternative 1
	In case where configuration 5 timing is used as a reference, olny 2CC supported.
For half duplex, working assumption is follow timing table in alternative 1

	UL-Case A
	Yes
	SCell
	

	UL-Case B
	Yes
	SCell
	

	UL-Case C
	Yes
	SCell
	

	UL-Case D
	Yes
	SCell
	


Table 2 - Reference HARQ/scheduling timing on SCell (Cross-carrier scheduling case)
	
	(1) Support or Not?
	(2) Reference timing
	(3) Notes

	DL-Case A
	Yes
	PCell
	

	DL-Case B
	Yes
	PCell or Scheduled sCell?
	

	DL-Case C
	Yes (Working Assumption)
	?
	

	UL-Case A
	Yes
	Scheduling cell
	

	UL-Case B
	Yes
	Scheduling cell or scheduled cell?
	Continue discussion; take into account UE procedure considerations if PHICH is not available

	UL-Case C
	?
	?
	

	UL-Case D
	?
	?
	


Then a list of questions and inputs for the email discussion are as follows in section 3.2 and 3.3.
3.2 Issues related to HARQ/scheduling timing

3.2.1 Issues related to HARQ transmissions

For the agreed DL HARQ scheduling timing, is it possible to reuse the Rel-10 specification for PUCCH format 1b with channel selection and PUCCH format 3. And if not, identify the possible issues.

3.2.2 Confirming working assumptions for half-duplex terminals for DL HARQ timing case B (DL, case B)
Can we confirm the working assumptions that DL HARQ timing for case B, i.e.

· For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing

· Can be revisited after discussion of other DL and UL cases
3.2.3 A/N transmission for DL case B in case of cross-carrier scheduling (DL, case B)
For cross carrier scheduling in DL - case B, there are two alternatives in PDSCH timing design.

· Alt 1: Follow P-Cell timing

Benefit: re-use R10 design for A/N transmission, no additional specification effort is needed

· Alt 2: Follow S-Cell timing

Benefit: able to use all DL subframes in SCell 
Continue discussion. Revisit after the cross-subframe scheduling discussion. 

Following up this discussion from RAN1#68bis, 

3.2.4 Confirming working assumptions for half-duplex terminals for DL HARQ timing case C (DL, case C)
Can we confirm the working assumptions that DL HARQ timing for case C, i.e.

· For half duplex case, working assumption is the timing table in alternative 1
3.2.5 A/N transmission for DL case C in case of cross-carrier scheduling (DL, case C)
For cross carrier scheduling in DL - case C, what is the applicable solution and whether or not we can conform the working assumption from RAN1 # 68
· In case of cross-carrier scheduling, working assumption is that no restriction on the combinations of TDD UL-DL configurations on different bands

· Can be revisit if any problems occurs until RAN1#69
Following up this discussion from RAN1#68bis, 
3.2.6 UE procedure considerations if PHICH is not available in case of cross-carrier scheduling (UL, case B)
For cross carrier scheduling in UL - case B, there are two alternatives in PUSCH timing design.

· Alt 1: Follow the scheduling cell’s PUSCH timing

· Benefit: no PHICH issue

· Drawback: lose some PUSCH subframes, peak rate may not be achievable
· Alt 2: Follow the scheduled cell’s PUSCH timing (PHICH resource issue)

· Benefit: can achieve peak rate

· Drawback: PHICH may not be available for some subframes
For the case PUSCH timing follow the scheduled cell, PHICH may be not available. Following up this discussion from RAN1#68bis, 
3.2.7 Reference HARQ/scheduling timing on scheduled cell for cross-carrier scheduling in case C in UL (UL, case C)
For cross carrier scheduling in UL - case C, is the case support and if it is support how is the HARQ/scheduling timing for the scheduled cell defined. 

3.2.8 Reference HARQ/scheduling timing on scheduled cell for cross-carrier scheduling in case D in UL (UL, case D)
For cross carrier scheduling in UL - case D, is the case support and if it is support how is the HARQ/scheduling timing for the scheduled cell defined. 

3.3 Others
3.3.1 Half-duplex scheduling direction

For half duplex scheduling timing the following two approaches where discussed at RAN1 #68

· Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB

Companies are encouraged to provided there view on how the scheduling direction of half-duplex UE should be determined

4 Observations and Proposals
4.1 Remaining issues for the referece HARQ/scheduling timing on Scell in case of cross-carrier scheduling
4.1.1 Email inputs

Questions 3.2.3, 3.2.5, 3.2.6, 3.2.7, 3.2.8 is related to the referece HARQ/scheduling timing on Scell in case of cross-carrier scheduling. The inputs for this parts are as follows in Table-3 and Table-4.
Table-3 Downlink HARQ timing on Scell in case of cross-carier scheduling

	
	A/N transmission for DL in case of cross-scheduling

	
	Case A
	Case B
	Case C

	Index
	Company
	　
	　
	　

	1
	Ericsson/ST-Ericsson
	　
	Pcell
	yes

	2
	Samsung
	　
	Pcell
	yes.Pcell

	3
	Renesas mobile
	　
	Scell
	yes. Same design as self-scheduling

	4
	Panasonic
	　
	Pcell
	yes

	5
	Pantech
	　
	Scell
	yes. Same design as self-scheduling

	6
	New postcom
	　
	Pcell
	yes. Need more consideration

	7
	IDCC
	　
	Pcell
	yes.Pcell

	8
	RIM
	　
	Scell
	yes

	9
	Qualcomm
	　
	Scell
	wait until other cases are done

	10
	Intel
	　
	Pcell
	yes.Pcell

	11
	HW/Hisi
	　
	Scell
	yes. Same design as self-scheduling

	12
	Sharp
	　
	Pcell
	yes

	13
	ZTE
	　
	Scell
	yes

	14
	ALU,ASB
	　
	Pcell
	yes

	15
	NNSN
	　
	Scell
	yes. Same design as self-scheduling

	16
	LG
	　
	Scell
	yes. Same design as self-scheduling

	17
	Potevio
	　
	Scell
	yes

	18
	CATT
	　
	Pcell
	yes


Table-4 Uplink HARQ/scheduling timing on Scell in case of cross-carier scheduling

	　
	A/N transmission for UL in case of cross-scheduling

	
	Case A
	Case B
	Case C
	Case D

	Index
	Company
	　
	HARQ/scheduling timing
	support or not
	HARQ/scheduling timing
	support or not
	HARQ/scheduling timing

	1
	Ericsson/ST-Ericsson
	　
	scheduling cell 
	support
	scheduling cell
	not support
	　

	2
	Samsung
	　
	scheduling cell
	support
	scheduling cell
	support
	a reference configuration

	3
	Renesas mobile
	　
	scheduled cell
	support
	scheduled cell
	support
	scheduled cell

	4
	Panasonic
	　
	scheduled cell
	support
	scheduling cell
	support
	[6+0], scheduled cell
others, scheduling cell

	5
	Pantech
	　
	scheduled cell
	support
	follow reference configurations
	not support
	　

	6
	New postcom
	　
	scheduled cell
	support
	scheduled cell
	support
	　

	7
	IDCC
	　
	scheduled cell
	prefer not supported;
	if support, configuration#1
	prefer not supported;
	if support, configuration#1

	8
	RIM
	　
	scheduled cell
	support
	a reference configuration
	support
	a reference configuration

	9
	Qualcomm
	　
	scheduled cell
	wait until other cases are done
	support
	　

	10
	Intel
	　
	scheduled cell
	support
	[2+3]&[2+4]: scheduled cell;
others: reference configuration
	support
	scheduling cell

	11
	HW/Hisi
	　
	scheduled cell
	support
	[2+3]&[2+4]: scheduled cell;
others: configuration#1
	support
	a reference configuration

	12
	Sharp
	　
	scheduling cell
	support
	scheduling cell
	support
	scheduling cell

	13
	ZTE
	　
	scheduled cell
	support or not depends on operator;
	subframe-dependent solution
	not support in R11
	　

	14
	ALU,ASB
	　
	scheduling cell
	support
	scheduling cell
	not support
	　

	15
	NNSN
	　
	scheduled cell
	support
	[1+3]&[3+1]: configuration 1
[2+3]&[3+2]: configuration 3
[2+4]&[4+2]: configuration 1
	support
	[0+6]: configuration 6
[6+0]: configuration 0
others: configuration 1

	16
	LG
	　
	scheduled cell
	support
	reference configuration
	support
	reference configuration

	17
	Potevio
	　
	scheduled cell
	support
	FFS
	support
	1.When scheduling Cell is 10ms RTT and scheduled Cell is non 10ms RTT), cross-scheduling with the timing of scheduled Cell is preferred. 
2.When scheduling Cell is non 10ms RTT and scheduled Cell is 10ms RTT, new processes are preferred. 
3.When scheduling Cell is configuration 6 and scheduled Cell is configuration 0), cross-scheduling with the timing of configuration 0 is preferred.
4.When scheduling Cell is configuration 0 and scheduled Cell is configuration 6), new processes are preferred. 

	18
	CATT
	　
	scheduling cell
	support
	scheduling cell
	support
	scheduling cell


4.1.2 Proposals
Table 5 – Proposals for reference HARQ/scheduling timing on SCell (Cross-carrier scheduling case)
	
	(1) Support or Not?
	(2) Reference timing
	(3) Proposals

	DL-Case A
	Yes
	PCell
	

	DL-Case B
	Yes
	Alt 1:PCell(9)

Follow P-Cell timing

Benefit: re-use R10 design for A/N transmission, no additional specification effort is needed.

Alt 2:SCell(9)

Follow S-Cell timing

Benefit: able to use all DL subframes in SCell .

	[DL-case B]Proposal: continue discussion the prons and cons for following P-Cell timing and S-Cell timing for DL-case B in case of cross-carrier scheduling

	DL-Case C
	Most of all propose to support 
	Alt-1: Same design as self-scheduling
Alt-2: Pcell
	[DL-case C]Proposal: In case of DL-case C for cross-carrier scheduling, no restriction on the combinations of TDD UL-DL configurations on different bands. Continue discussion the HARQ timing based on the following alternatives

Alt-1: Same design as self-scheduling
Alt-2: Pcell


	UL-Case A
	Yes
	Scheduling cell
	

	UL-Case B
	Yes
	Alt-1: Scheduling cell(5)

Alt-2: scheduled cell(13)
	[UL-Case B]
Proposal: take scheduled cell timing and assume no new timing table beyond Rel-8/9/10 for PHICH/UL-grant
Continue discussion; take into account UE procedure considerations if PHICH is not available

	UL-Case C
	Most of all propose to support
	?
	[UL-Case C]

Proposal: In case of UL-case C for cross-carrier scheduling, no restriction on the combinations of TDD UL-DL configurations on different bands. Continue discuss the reference timing of each combination.

	UL-Case D
	Not support(5), Support(13)
	?
	[UL-Case D]

Proposal: In case of UL-case D for cross-carrier scheduling, no restriction on the combinations of TDD. UL-DL configurations on different bands. Continue discuss the reference timing of each combination.


4.2 Issues related to bundling window size and A/N mapping for HARQ-ACK feedback on PUCCH
4.2.1 Proposal

Qustions 3.2.1 are related to this issue. An for most of the proposals, it is observed that,

· Maximizing reusing Rel-10 specification is desired,

· Both PUCCH format 1b channel selection and format 3 should be taken into account.
It is proposed to take these two aspects into account in solve the issues related to bundling window size and A/N mapping for HARQ-ACK feedback on PUCCH.
4.3 Half-duplex operation
4.3.1 Half-duplex scheduling direction
Qustion 3.3.1 are related to this issue. 

For half duplex scheduling timing the following two approaches where discussed at RAN1 #68

· Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration (6)
· Alt 2: the transmission direction is determined by eNB (12)
It is proposed to continue discussion. Serval aspects can be taken intoaccount as start point for discussion, e.g., 
· Use same HARQ/scheduling timing as defined for full-duplex TDD mode

· not need to consider extra guard period for switch points
· dynamic/flexible traffic adaptation,
· …
4.3.2 Confirming working assumptions for half-duplex terminals for DL HARQ timing case B/C (DL, case B/C)
Qustion 3.2.3 and 3.2.5 are related to this issue. 

Most of the proposals confirm the working assumptions that for half-duplex terminals for DL HARQ timng case B, follow SCell SIB1 HARQ timing for DL case B and follow the timing table defined for full duplex as well for DL case C.
However, as stated by several companies, it also depends on the outcome of the scheduling direction for half-duplex. It is proposed to revisit this issue after determination of trasnission direction
Annex 1 Conclusions from previous RAN1 meetings
In RAN1#66
· No new TDD UL/DL configurations will be considered in this WI.

· If Support of different TDD UL-DL configurations on different bands is specified, the UEs will be informed of the actual UL/DL configuration of each aggregated CC. 

· Note that depending on how the Rel-10 signalling is modified, it should be ensured that CCs in the same band have the same configuration. 

In RAN1#66bis
· Support the inter-band CA of TDD Carriers with different configurations in Rel-11.

Observed benefits of supporting inter-band CA of TDD CCs with different configurations

· Legacy system co-existence

· Hetnet support, aggregation of traffic-dependent carriers

· Flexible configuration: more UL subframe in lower band for better coverage, and more DL subframes in higher band

· Higher peak rate
In RAN1#67
· The number of supported bands
· keep the number of supported bands agnostic to RAN1 

· Strive for common solution for different numbers of UL-DL configurations

· Focus on 2 configuration case

· PHICH is transmitted on the cell carrying the UL grant.
· RAN1 solution should support both full-duplex and half-duplex.
· Strive for a common solution for both full-duplex and half-duplex

· The scheduling timing for Rel-11 inter-band CA for supporting different TDD UL-DL configuration is proposed as follows,
· For non cross-carrier scheduling, the same Rel8/9/10 scheduling timing should be used.
· For the mapping rule of DL Grant and PDSCH transmission (downlink)
· DL Grant and PDSCH are in the same TTI.
· For the mapping rule of UL Grant and PUSCH transmission (uplink)
· Same scheduling timing rule in Rel8/9/10 should be used.
· For cross-carrier scheduling, if cross-carrier scheduling is supported 

· For the mapping rule of DL Grant and PDSCH transmission (downlink)
· DL Grant and PDSCH are in the same TTI.
· Multi-TTI/cross-subframe scheduling is FFS.
· For the mapping rule of UL Grant and PUSCH transmission (uplink) FFS
In RAN1#68
· For PUCCH transmission, PUCCH on PCell-only.

·  No new HARQ-ACK timing. 
· Here “no new HARQ-ACK timing” means no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10. 
· FFS if exception is needed for the case of aggregating the 10ms RTT and other RTTs for cross-scheduling in uplink.
· FFS on the application of H-ARQ-ACK timing of one TDD UL-DL configuration to an SCell with a different TDD UL-DL configuration.
· Support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells:

· For the case of DL, PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n
· FFS support of other type of cross-carrier scheduling in Rel-11
· HARQ-ACK timing of PCell PDSCH, the scheduling timing of PCell PUSCH, the HARQ timing of PCell PUSCH should follow the PCell timing.
· PCell timing is the same as Rel-8/9/10.

· The PDSCH HARQ timing on SCell shall

· follow the PCell SIB1 configuration if the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration

· FFS if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration

· The PUSCH HARQ/scheduling timing on SCell shall

· For the full duplex case, follow the SCell SIB1 configuration in case of self scheduling

· Working assumption is that for half-duplex case, follow SCell SIB1 configuration in case of self scheduling.  To be confirmed by next meeting.

· follow the scheduling cell SIB1 configuration in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

· FFS in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is NOT a subset of the UL subframes indicated by the scheduling cell SIB1 configuration or if the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms

· For uplink cross-carrier scheduling, the cases that are supported in Rel-11 are:

· At least for the case where the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

· Other cases are FFS
In RAN1#68bis
On PDSCH timing  for the case where  SCell(s) downlink subframes is a superset of PCell (namely case B)
· In case of self scheduling
· For full-duplex case, agreement is that SCell PDSCH HARQ timing should follow the SCell SIB1 HARQ timing.
· For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing

· Can be revisited after discussion of other DL and UL cases

· FFS which alternative to choose for half-duplex case, in case of self scheduling,  

· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB
· In case of cross-carrier scheduling

· Alt 1: Follow P-Cell timing

Benefit: re-use R10 design for A/N transmission, no additional specification effort is needed

· Alt 2: Follow S-Cell timing

Benefit: able to use all DL subframes in SCell 
Continue discussion. Revisit after the cross-subframe scheduling discussion.

On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)

· In case of self-carrier scheduling, 

· For full duplex case, the timing table in alternative 1 is agreed.

· For half duplex case, working assumption is the timing table in alternative 1

· In case where configuration 5 timing is used as a reference, it is agreed that the number of CCs that can be aggregated by a UE is limited to 2 CCs.

· FFS which alternative to choose for half-duplex case, in case of self scheduling,  

· Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration
· Alt 2: the transmission direction is determined by eNB

·  In case of cross-carrier scheduling, working assumption is that no restriction on the combinations of TDD UL-DL configurations on different bands

· Can be revisit if any problems occurs until RAN1#69

· Alternative 1: 
	PDSCH HARQ timing on SCell follows TDD UL-DL configuration # 
	Pcell SIB-1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	Scell SIB-1 UL-DL Configuration
	0
	
	
	
	
	
	
	

	
	1
	
	
	
	4
	
	
	

	
	2
	
	
	
	5
	5
	
	

	
	3
	
	4
	5
	
	
	
	

	
	4
	
	
	5
	
	
	
	

	
	5
	
	
	
	
	
	
	

	
	6
	
	
	
	
	
	
	

	Notes: The number in the grid is the reference UL-DL configuration which SCell PDSCH HARQ timing follows.
	Case A
	Case B
	Case C
	


For PUSCH timing
Conclusion: continue discussion; take into account UE procedure considerations if PHICH is not available. 

 
Agreement: 

Confirm the working assumption from RAN1#68: for half-duplex case, follow SCell SIB1 configuration in case of self scheduling.  
Annex 2 Detailed email discussion inputs from multiple companies
Table A-1 questions and inputs for email discussion

	4.4 Issues related to HARQ/scheduling timing
4.4.1 Issues related to HARQ transmissions

For the agreed DL HARQ scheduling timing, is it possible to reuse the Rel-10 specification for PUCCH format 1b with channel selection and PUCCH format 3. And if not, identify the possible issues.

Discussion/Company comments:

[Ericsson/ST-Ericsson] The agreements made at RAN1 #68bis gives that the UE can have HARQ-ACK feedback from different component carriers with different M, i.e. M will be carrier specific. This has an impact on the HARQ-ACK feedback design for PUCCH format 3 and PUCCH format 1b with channel selection. 

PUCCH format 3

In case the UE is sending it HARQ-ACK feedback on PUCCH format 3 or PUSCH without and adjusted UL grant or on a carrier with UL/DL configuration 0 the UE should generate HARQ-ACK bits assuming that Mc is a carrier specific parameters when the HARQ-ACK feedback is transmitted on PUCCH format 3. In case the HARQ-ACK feedback is sent on PUSCH and that PUSCH transmission is adjusted based on UL grant the UE should generated HARQ-ACK feedback corresponding to min(WDAI, Mc) for carrier with a single TB transmission scheme or if spatial bundling is used or 2*min(WDAI, Mc) in case the carrier is configured with a two TB TM and spatial bundling is not used.

PUCCH format 1b with channel selection

For PUCCH format 1b with channel selection we have the preference that if it is support in case of aggregation of different UL/DL configuration that the existing channel selection mapping tables are reused as there is very little time to design new mapping tables within Rel-11. 

The straight forward solution for PUCCH format 1b with channel selection would be that the UE assumes an M corresponding to M=max(M0, M1) in selecting the corresponding mapping table. For a serving cell c ϵ {0,1} with Mc<M, the UE shall generate HARQ-ACK bits for M subframes by appending M−Mc additional HARQ-ACK bit(s) in case of single TB TM or 2*(M−Mc) additional HARQ-ACK bit(s) with in case of dual TB TM, with for example, DTX value(s).

In case HARQ-ACK bits are multiplexed on PUSCH and the PUSCH transmission is not based on an UL grant, the UE generates the number of HARQ-ACK bits according PUCCH design as in Rel-10.

In case HARQ-ACK bits are multiplexed on PUSCH and the PUSCH transmission is based on an UL grant and WDAI= 1 or 2, the UE follows the procedure for PUCCH format 3 as in Rel-10.

In case HARQ-ACK bits are multiplexed on PUSCH and the PUSCH transmission is based on an UL grant and WDAI= 3 or 4, the UE selects either channel selection table M = 3 or M = 4 to generate HARQ feedback for both DL cells based on if WDAI=3 or WDAI=4.

[Samsung]: Maximizing reusing Rel-10 specification is preferred. If Pcell timing is applied for cross-carrier scheduling of Scell, there is no problem in the implicit HARQ-ACK channel allocation for format 1b with channel selection. Some remaining issues are as follows.
· The bundling window size for Scell
· Handling of different bundling window sizes for Pcell and Scell to support HARQ-ACK transmission in PUCCH
[Renesas Mobile] Agree with Samsung that the listed issues needs further discussions, under the assumption that Rel-10 specification is maximum reused. This issue can be further discussed when HARQ timing issues are done.
[Pantech]: For the different bundling window sizes between PCell and SCell, we also prefer to reuse Rel-10 mechanism as much as possible considering the Rel-11 time-line and no needs for additional standard efforts (e.g. introducing new channel selection mapping table for different bundling window sizes). However, some remaining issues should be clarified.
· How to decide the A/N codebook size for inter-band CA with different TDD configurations
· PUCCH HARQ-ACK transmission for different bundling window sizes
[New Postcom] 
Agree to reuse the Rel-10 specification for PUCCH format 1b with channel selection and PUCCH format 3 without introducing additional channel selection mapping table. And the related above issues need further discussion, such as A/N codebook size and bundling ways. 
[IDCC]: The discussion can be divided into two topics: resource allocation and bit-mapping/bundling (see R1-122545 for complete analysis). Considering the resource allocation, Rel-10 mechanisms can be mostly reused and no significant problem is identified. Regarding the bit-mapping/bundling, new solutions are required for PUCCH format 1b with channel selection in scenarios where:

· The sizes of the bundling windows for aggregated cells are not the same.

· The sizes of the bundling windows are the same; however, the numbers of available DL subframes in different cells are different. 

However, the introduction of any new bundling table should be avoided in Rel-11 and the same bundling tables as those of in Rel-10 should be reused (see R1-122545 for complete analysis):

Proposal: No new bundling table should be introduced for TDD inter-band CA. Any solution to address the R11 TDD inter-band case should reuse the existing R10 bundling procedures for TDD intra-band CA as much as possible.
[RIM] With agreed timing design in inter-band CA with different UL/DL configurations, there may be difficult to use implicit PUCCH resources for PUCCH format 1b with channel selection due to difference in downlink association set index defined by Table 10.1.3.1-1 in TS 36.213. Based on the current specification, for cross-carrier scheduling and PUCCH format 1b with channel selection, PUCCH resource is indicated by the CCE index of DL assignment.

However, this issue can be solved with reasonable standards effort. One way is to adjust the implicit PUCCH resource mapping for advanced CA UEs. Please see our contribution R1-122726 for details. If we modify the PUCCH resource mapping as illustrated in Figure 2b in the R1-122726, the PUCCH resource collision can be completely avoided. With this approach, the PUCCH format 1b with channel selection can be supported in the different UL/DL configuration CA case.

[Qualcomm]: For PUCCH format 3, the same Rel-10 design can be readily reused. That is, the bitwidth of ACK/NAK depends on the number of configured CCs, the DL transmission mode of each CC, and the number of bundling subframes specific to each CC.

For PUCCH format 1b with channel selection, the same Rel-10 ACK/NAK mapping table should be reused as well. Regardless of whether Pcell or Scell timing is applied for cross-carrier scheduling of Scell, the same implicit HARQ-ACK channel allocation scheme for format 1b with channel selection can still be re-used without the need for additional standardization efforts. In addition, additional discussion is necessary on how to handle the case when the bundling size of the two CCs in CA are different.
[Intel]: Reusing Rel-10 HARQ-ACK feedback schemes should be generally preferred in order to minimize the standard efforts. Regarding the inter-band TDD CA of Rel-11, the following issues arising from different UL-DL ratio among CCs need to further discussed: 

· For PUCCH format 1b with channel selection: HARQ-ACK mapping table selection mechanism for each CC considering bundling window size between PCell and Scell is different. Furthermore, HARQ-ACK bits mapping order arrangement to facilitate the Rel-10 time-domain bundling method need to be considered as well
· For PUCCH Format 3: the method for HARQ-ACK codebook size determination in order to avoid the unnecessary spatial bundling and unnecessary use of dual-RM coding should be discussed.
[HW/Hisi]: Both PUCCH format 1b with channel selection and PUCCH format 3should be supported for inter-band TDD with different configurations since those two schemes are configured depending on UL channel quality.

For PUCCH format 1b with channel selection, we identify two issues:

1. The bundling window size M is different between the aggregated serving cells.

2. In some cross-carrier scheduling cases, it is difficult to reuse Rel-10 resource allocation scheme for implicit HARQ-ACK resource on PCell, e.g. in case C ([config.1+ config.3]). The UL subframe #2 on PCell corresponds to different downlink association set for PCell (#DL #5 #6) and SCell (#0#1#4#5), while the PCell follows HARQ timing of Config. 1 and SCell follows Config 4’s HARQ timing.  

Therefore, the HARQ-ACK(s) corresponding to DL subframe #0 or #1 on SCell may have implicit resource collision with the HARQ-ACK(s) of DL subframe #5 or #6 on PCell.

[Sharp]: PUUCH Format 3 and Format 1b with channel selection should be supported for TDD CA with different UL-DL configurations. The opening issues include: HARQ-ACK association window size and codebook size for the SCell, and the methods to handle different association window size with different PUCCH formats (e.g. the use of channel selection tables and PUCCH resource allocation).
[ZTE]Both PUCCH format 3 and PUCCH format 1b with channel selection should be supported.

For PUCCH format 3: the codebook size and bit sequence can be determined in the similar way as Rel-10, i.e., based on the number of configured serving cell, configured transmission mode of each serving cell and configured UL/DL configuration.

Considering the case when HARQ-ACK is transmitted on PUSCH with corresponding UL grant, the codebook size determination may need further consideration. 

For PUCCH format 1b with channel selection: two issues should be taken into account, the value of M for mapping table selection, and the PUCCH resource allocation. Trade-off between DL performance and standard effort should be considered for different cases.

[ALU/ASB] Both PUCCH format 3 and PUCCH format 1b with channel selection should be supported.

PUCCH format 3: we prefer to reuse the Rel-10 specification as much as possible. For CC-specific TDD configration, different bundling window sizes for different CCs can be supported for PUCCH format 3, and a UE could generate HARQ feedback for different number of DL subframes for each CC. AN bits mapping order need to be further decided.

PUCCH format 1b with channel selection: two issues need to be considered:

1. Bundling window size in case different DL subframes for CCs and AN bit mapping method

2. It is difficult to reuse the implicit PUCCH resource mapping of Rel-10 on CC-specific TDD CA due to different DL subframe set indicated by Table 10.1.3.1-1 in TS 36.213 on different CCs. 
[NNSN]: There are 3 isses with the HARQ-ACK feedback on PUCCH from our point of view:

1. How to determine the size of bundle window on SCell, if reference configuration for PDSCH HARQ timing is different from SCell SIB1 configuration,

2. How to determine the channel selection table for format 1b with channel selection and codebook size for format 3 on SCell, if the size of bundle window is different from that on PCell,

3. How to avoid collision with implicit format 1b resource allocation, if reference configuration for PDSCH HARQ timing in case of cross-carrier scheduling is same as that for self scheduling.

Rel-10 HARQ-ACK feedback machanisms should be re-used as much as possible in solving above issues.

[LG] Both PUCCH format 3 and PUCCH format 1b with channel selection should be supported. 

For this issue, ACK/NACK bit/state for each cell with different M value is to be concatenated to composite the entire ACK/NACK payload/state. 

In case of PUCCH format 3, different number of ACK/NACK bits with different M value per cell is to be concatenated. 

In case of PUCCH format 1b with channel selection, per cell ACK/NACK state mapping based on different M value is to be concatenated.
[Potevio]:We share the similar opinions with NNSN 

PUCCH format 3 and PUCCH 1b with channel selection should be reused as much as possible.

The following problems should be further discussed:

1. The size of bundling window for the different number of DL subframes in PCell and SCell

2. Collision problem of implicit resource allocation

3. How to use the format 1b channel selection mapping table.

[CATT]: We have similar views and designs with Ericsson’s response above, and would like to take these as the starting point for completing the design of PUCCH transmission for TDD inter-band CA with different UL-DL configurations on different bands.

4.4.2 Confirming working assumptions for half-duplex terminals for DL HARQ timing case B (DL, case B)
Can we confirm the working assumptions that DL HARQ timing for case B, i.e.

· For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing

· Can be revisited after discussion of other DL and UL cases
Discussion/Company comments:

[Ericsson/ST-Ericsson] Confirm the working assumptions.
[Samsung]: We don’t have strong option, possibly yes. 
[Renesas Mobile] The working assumption for half duplex case is confirmed. Firstly, we think the transmission prioritization is based on eNB scheduling, i.e. controlled by eNB (please find the detail discussions in section 3.3.1). Based on this assumption, following the Scell timing can keep the Rel8/9/10 HARQ timing and enable more flexible resource utilization; besides, following the Scell timing for half duplex is consistent with the full duplex solution. 
[Panasonic] The working assumption is confirmed.
[Pantech]: Confirm the working assumptions.
[New Postcom] 
If the transmission direction follows PCell SIB1 configuration for half duplex case, the working assumption is confirmed to follow SCell SIB1 HARQ timing for PDSCH timing on SCell
[IDCC]: This question depends on how to determine the transmission direction of the subframes in half-duplex operation. If the direction of the transmission is imposed by the PCell’s direction, for this particular case (i.e., DL, case B) there is no significant difference between SCell following SCell’s DL HARQ or the PCell’s DL HARQ. However, a more general solution for ALL half duplex cases when the direction of the transmission is determined by that of the PCEll, is that the SCell DL HARQ to follow PCell SIB1 HARQ timing: 

· For ALL cases, the SCell DL HARQ to follow PCell SIB1 HARQ timing.

[RIM] For half-duplex case, the direction issue during conflicting subframes should be decided first. DL HARQ timing solution should depend on it. In our view, the transmission direction of all subframes should follow PCell SIB1 configuration, and so does the timing. 

[Qualcomm]: Confirm the working assumption.
[Intel] Further evaluation of the working assumption in terms of additional complexity may be needed.The choice for half-duplex UE on Case B should be based on the usual metrics in terms of DL throughput performance, specification efforts, implementation/testing complexity and UE power consumption. Basically, no practical difference between the two alternatives with respect to maximum DL throughput performance is observed due to the inherit characteristic of half-duplex UE, while the alternative of following PCell direction and HARQ timing offers more robust operation and is far superior to following SCell SIB1 HARQ timing in terms of specification complexity, implement/testing complexity and UE power consumption. Therefore, we propose the half-duplex UE always to follow PCell HARQ timing . Detailed analysis can be found in our contribution R1-122657. 

[HW/Hisi]: In case of self-scheduling and DL HARQ timing case B, for half-duplex UEs, we prefer to follow SCell SIB 1 HARQ timing since a unified solution can be adopted for full duplex and half duplex UE.

[Sharp]: Confirm the work assumption. 
[ZTE]Confirm the working assumption.
[ALU/ASB]: Confirm the work assumption.

[NNSN]: For half duplex how to determine the transmission direction in conflicting subframes should be decided first, and the timing solution should be decided accordingly. Considering the little benefit and complex eNB/UE implementation, we support the transmission direction in conflicting subframes to always follow PCell direction, thus the PDSCH HARQ timing should also follow PCell configuration.  

[LG] We agree with NNSN. 

For the half-duplex case, it seems better to first decide transmission direction in overlap subframe where DL/UL is differently defined between cells, before determining HARQ timing reference. 

This is because more efficient and suitable UL-DL configuration usable for HARQ timing reference would be quite different according to how to configure transmission direction in overlap subframe.

Working assumption could be revisited after decision on transmission direction in overlap subframe. 
[Potevio]: Confirm the working assumption.

[CATT]: We think the DL HARQ timing for this case depends on the transmission direction of overlapped subframes. Our preference is that the transmission direction of overlapped subframes follows the PCell SIB1 configuration for half duplex UEs, which shall apply to all other cases as a unified design for half duplex UEs. Consequently, the DL HARQ timing shall follow the PCell SIB1 HARQ timing. Our preference is motivated by simpler UE implementations and specifications.

4.4.3 A/N transmission for DL case B in case of cross-carrier scheduling (DL, case B)
For cross carrier scheduling in DL - case B, there are two alternatives in PDSCH timing design.
· Alt 1: Follow P-Cell timing

Benefit: re-use R10 design for A/N transmission, no additional specification effort is needed

· Alt 2: Follow S-Cell timing

Benefit: able to use all DL subframes in SCell 

Continue discussion. Revisit after the cross-subframe scheduling discussion. 
Following up this discussion from RAN1#68bis, 
Discussion/Company comments:

[Ericsson/ST-Ericsson] The PDSCH HARQ timings in case of cross-carrier scheduling need to be defined for Case B where scheduled SCell downlink subframes are a superset of PCell. It will be advantageous that the SCell PDSCH HARQ timing follows the PCell timing. The benefit is that Rel-10 design for A/N transmission can be reused to reduce additional specification efforts. Our preference is to use Alt1.

[Samsung]: Alt-1 is preferred, which avoids the problem in the implicit HARQ-ACK channel allocation for format 1b with channel selection, hence could save the standardization effort. Scell timing does not have benefit if there is no cross-subframe scheduling. Furthermore, Scell timing for itself has standardization issue because resource allocation in Rel-10 cannot be reused.
[Renesas Mobile] We do not support cross-subframe scheduling, because 1) this means different DL scheduling timing for new UEs and legacy UEs, which will severely impact the effectiveness and working of the eNB scheduler implementation, service prioritization policies and frequency- and spatial-domain beamforming scheduling and coordination; 2) DL scheduling timing needs to be defined for all possible combinations which will result in large specification and implementation impact.
For the method to enable all DL subframe in Scell, our preference is to use same carrier scheduling by PDCCH/ePDCCH for problematic DL subframes. This method can avoid the disadvantage of cross-subframe scheduling, and has minor specification impact, e.g. only defining which subframe is not using cross-carrier scheduling is OK.
Considering the motivation of carrier aggregation is to enhance the UE throughput and moreover DL-heavy traffic, enable all DL subframes in Scell is important for both UE throughput and eNB scheduling flexibility. Besides, there is also specification effort for Alt 1, e.g. for Scell DL subframe without PUCCH timing, when using scheduling restriction, UE behavior of monitoring PDCCH need to be defined.
Based on above discussion, our preference on HARQ timing is Alt 2. 
[Panasonic] Alt1 can avoid collision of implicit PUCCH resources. Alt2 can achieve higher DL rate by the introduction of cross-subframe scheduling. We prioritize the avoidance of collision; otherwise eNB has to consider scheduling to avoid the issues on PUCCH timing and on implicit PUCCH resources. Therefore, our preference is also Alt 1.
[Pantech]: Alt 2 is preferred. As well understood, it can provide the DL peak data rate to Rel-11 UE where it is one of observations when introducing different TDD configuration and also well matched on motivation of carrier aggregation which is mainly targeted for increasing data rate. Even though cross-subframe scheduling is not supported in Rel-11, alt 2 could be still considered for future release where cross-subframe scheduling could be probably introduced for the optimization later. Furthermore, additional standard issues caused by alt 2 can be handled by simple modification and reusing current Rel-10 mechanism.
[New Postcom] 
For full duplex case, since PCell has not enough DL subframes to cross-carrier schedule some DL subframes on SCell for DL transmission, it may impact the use of resource on SCell. 

For half duplex case, if the transmission direction follows PCell’s UL-DL configuration, the conflict subframes on SCell is unusable and the DL scheduling of SCell will be impacted if following the timing relation of SCell. Thus, the efficiency of resource utilization is reduced. So, we proposal that 
——Multi-TTI or/and cross-TTI scheduling could be supported for cross-carrier scheduling to improve the resource utilization, but may need more specification efforts. 
——Alt 1 is preferred, that is to say, SCell PDSCH HARQ timing should follow PCell’s HARQ timing. 
[IDCC]: Alt-1 is preferred since the introduction of cross-subframe/TTI scheduling is not required (see R1-122544 for more detail).
[RIM] In our view, the chief purpose of carrier aggregation is to improve the peak data rate. Adopting any scheme which scarifies the peak data rate would defeat the purpose of carrier aggregation. Therefore, we think Alt 2 is the better approach to take. Moreover, cross-subframe scheduling should be supported as well such that every DL subframe can be possibly utilized.
[Qualcomm] Our preference is Alt. 2: Follow S-Cell timing. This approach enables reaching the peak data rate on DL for the given configuration, and requires relatively small specification effort and complexity.
[Intel] Alt.1 is our preference for DL case B as it requires less specification. With Alt.1, DL HARQ timing relationship of PCell and Rel-10 cross-carrier scheduling functionality can be fully reused for PDSCH on SCell. Note that the impact on the system throughput is expected to be minor because the conflicting subframes can be used for UEs with or without CA capability with self-scheduling.
[HW/Hisi]: In case of cross-carrier scheduling, we prefer to adopt Alt2 that SCell follows the SCell’s own PDSCH HARQ timing since it is a common solution as the case of self-carrier scheduling to simplify the specification.
[Sharp]: We slightly prefer Alt-1, follow PCell timing. More generally, we can consider this as a case of “following the scheduling cell”, e.g. in case of more than 2 SCells where one SCell is cross-carrier scheduled by another SCell. 
[ZTE]Alt 2 is preferred. From DL peak data rate point of view, it can be concluded that alt 2 is better than alt 1 if cross-subfame scheduling is supported and even if cross-subframe scheduling is not supported, alt 2 is not worse than alt 1 assuming PUCCH format 3 is used. The main concern for alt 2 is the implicit PUCCH resource mapping for PUCCH format 1b with channel selection, but we can use PUCCH format 3 instead or configure addition PUCCH format resource for channel selection. We think this is not the main reason to preclude alt 2. 

To have a common solution for both self-scheduling and cross-carrier scheduling, alt 2 is more preferred. (see R1-122110 for more detail)

[ALU/ASB]: Alt 1 is preferred so that R10 HARQ-ACK transmission schemes can be reused.

[NNSN]: Alt 2 is preferred, since it is a common solution for cross-carrier scheduling and self scheduling, and also enables the possiblility to introduce multi-subframe scheduling in future releases.

[LG] Alt 2 is preferred.

Basically, it is desirable to enable scheduling of all DL subframes even for Scell with cross-subframe scheduling when cross-CC scheduling is configured, in order to support peak rate regardless whether cross-CC scheduling is configured or not. 

Correspondingly, it seems be reasonable to commonly apply the PDSCH HARQ timing reference finally agreed for the self-CC scheduling case to the cross-CC scheduling case as well.

For the cross-subframe scheduling, one DL grant for each DL subframe is preferable rather than one DL grant for multiple DL subframes, in order to maintain PDSCH scheduling (i.e. resource/HARQp allocation) flexibility as well as keep DCI format size. 
[Potevio]: Alt 2 is preferred. The higher DL peak data rate can be obtained. In this case, self-scheduling by e-PDCCH can be used for control channel ICIC. 

[CATT]: Alt1 is our preference and cross-subframe scheduling is not supported in Rel-11 due to the limited time left to complete Rel-11. 
4.4.4 Confirming working assumptions for half-duplex terminals for DL HARQ timing case C (DL, case C)
Can we confirm the working assumptions that DL HARQ timing for case C, i.e.

· For half duplex case, working assumption is the timing table in alternative 1

Discussion/Company comments:

[Ericsson/ST-Ericsson] Confirm the working assumptions.

[Samsung]: We don’t have strong option, possibly yes. 
[Renesas Mobile] The working assumption can be confirmed. Similar comments as in section 3.2.2
[Panasonic] The working assumption should be confirmed.
[Pantech]: Confirm the working assumptions.
[New Postcom] 
In case of self scheduling, the transmission direction follows PCell SIB1 configuration for half duplex case, and the working assumption is confirmed to follow the timing table in alternative 1.
[IDCC]: Although adapting the same approach DL HARQ approach for both full-duplex and half-duplex can save some specification effort, it significantly reduces the efficiency of the half-duplex operation. The detail analysis of the efficiency reduction depends on how to determine the direction of the transmission of the subframes. We suggest first deciding the direction of the transmission and then revisiting this topic.

[RIM] Again, need to decide the transmission direction issue on conflicting subframes first. Our view is everything following PCell for half duplex case.

[Qualcomm]: Confirm the working assumption.

[Intel] Following the same principle described in section 3.2.2, we slightly prefer the half-duplex UE always follow PCell HARQ timing. 

[HW/Hisi] For half duplex, we agree to use the same HARQ timing as for full duplex UE since the same HARQ timing can simplify standardization and implementation effort.


[Sharp]: Confirm the work assumption. 
[ZTE]Confirm the working assumption.
[ALU/ASB]: Confirm the work assumption.

[NNSN]: Same as our view in Section 3.2.2, for half duplex we prefer the PDSCH HARQ timing to always follow PCell configuration.
[LG] Same opinion with answer to Section 3.2.2 above. 

It seems better to decide transmission direction in overlap subframe before determining HARQ timing reference. 

[Potevio]:Confirm the working assumption.
[CATT]: Same response as in Section 3.2.2. We think the DL HARQ timing for this case depends on the transmission direction of overlapped subframes. Our preference is that the transmission direction of overlapped subframes follows the PCell SIB1 configuration for half duplex UEs, which shall apply to all other cases as a unified design for half duplex UEs. Consequently, the DL HARQ timing shall follow the PCell SIB1 HARQ timing. Our preference is motivated by simpler UE implementations and specifications.
4.4.5 A/N transmission for DL case C in case of cross-carrier scheduling (DL, case C)
For cross carrier scheduling in DL - case C, what is the applicable solution and whether or not we can conform the working assumption from RAN1 # 68

· In case of cross-carrier scheduling, working assumption is that no restriction on the combinations of TDD UL-DL configurations on different bands

· Can be revisit if any problems occurs until RAN1#69
Following up this discussion from RAN1#68bis, 
Discussion/Company comments:
[Ericsson/ST-Ericsson] Confirm the working assumptions.

[Samsung]: Working assumption is confirmed because Case C can be supported with minimal standardization effort. For Case C, Pcell timing is preferred. It is a simple approach in case of cross-carrier scheduling and does not need additional standardization effort. 
[Renesas Mobile] The working assumption can be confirmed. The combinations in case C are typical combinations e.g. TDD configuration 1 + TDD configuration 3, thus support cross carrier scheduling in these cases is important. 
Similarly, as commented in section 3.2.3, considering the motivation of carrier aggregation is to enhance the UE throughput and moreover DL-heavy traffic, enable all DL subframes in Scell is important for both UE throughput and eNB scheduling flexibility. Thus our preference for HARQ timing is to use the timing table in alternative 1.
For the method to enable all DL subframe in Scell, our preference is to use same carrier scheduling by PDCCH/ePDCCH for problematic DL subframes. This method can avoid the disadvantage of cross-subframe scheduling, and has minor specification impact, e.g. only defining which subframe is not using cross-carrier scheduling is OK.
[Panasonic] The working assumption should be confirmed.
[Pantech]: Confirm the working assumptions. For Case C, reference timing is preferred as agreed table 1 of self-scheduling case.
[New Postcom] The working assumption can be confirmed, but the reference timing needs more considerations. 
[IDCC]: Confirm the working assumption. Agree with Samsung that the support of all combination of this case is relatively straightforward by having the SCell following the DL HARQ/scheduling of the PCell’s (see R1-122544 for more detail).

[RIM] Support the working assumption.

[Qualcomm]: Since the design for this case is strongly related other cases, the decision to confirm working assumption or not should wait until the decisions on other cases regarding how to support cross-carrier scheudling are made.

[Intel] Confirm this working assumption. We prefer not to have any restriction on the configuration combination in order to simplify the core specifications. Specific configuration combinations are the choices of the operators to suit their particular deployment and application scenarios. Regarding Case C, as discussed in previous section for Case B (Section 3.2.3), we prefer SCell PDSCH HARQ timing follows the PCell SIB1 configuration in cross-carrier scheduling case based on the trade-offs between two alternatives. 

[HW/Hisi] This working assumption can be confirmed since case C for self scheduling is already supported in last meeting, and the cross-carrier scheduling also need be supported in Het-net scenario. For the HARQ timing, we prefer to follow the same design with the self scheduling.
[Sharp]: Confirm the work assumption. 
[ZTE] With the spirit of common solution for self-scheduling and cross-carrier scheduling, the working assumption should be confirmed.
[ALU/ASB]: Confirm the work assumption.

[NNSN]: Confirm the working assumption. We follow the same view as in Section 3.2.3 that the PDSCH HARQ timing should be as same as for self scheduling, which has already been agreed in RAN1#68bis. 

[LG] Confirm the working assumption.

The PDSCH HARQ timing agreed for the self-CC scheduling case and the cross-subframe scheduling as mentioned in Section 3.2.3 above could be used as well for supporting peak rate. 
[Potevio]:Confirm the working assumption.
[CATT]: Confirm the working assumption

4.4.6 UE procedure considerations if PHICH is not available in case of cross-carrier scheduling (UL, case B)
For cross carrier scheduling in UL - case B, there are two alternatives in PUSCH timing design.
· Alt 1: Follow the scheduling cell’s PUSCH timing

· Benefit: no PHICH issue

· Drawback: lose some PUSCH subframes, peak rate may not be achievable

· Alt 2: Follow the scheduled cell’s PUSCH timing (PHICH resource issue)

· Benefit: can achieve peak rate

· Drawback: PHICH may not be available for some subframes

For the case PUSCH timing follow the scheduled cell, PHICH may be not available. Following up this discussion from RAN1#68bis, 
Discussion/Company comments:

[Ericsson/ST-Ericsson] We see three different options here. 
· Solution 1 — Cross-carrier scheduling should be supported only when the required PHICH resources are carried by the scheduling cell already, i.e. go with Alt 1.

· Solution 2 — Use PDCCH to schedule PUSCH retransmission. This goes against the principle of introducing PHICH in Rel-8 and further study and evaluation is needed to understand the impact to system performance. PDCCH capacity can quickly become constrained or even exhausted if the majority of the UEs in the system are configured with such cross-carrier scheduling between cells with different UL-DL configurations.

· Solution 3 — Introduce modified PHICH transmission. For instance, the PHICH signal could puncture into the REGs for PDCCH. The eNB scheduler should adjust the aggregation levels of affected PDCCHs. Alternatively, the PHICH signal could reside within the resources of an unused aggregation level 1 PDCCH. This would reduce the available PDCCH resources slightly but would not affect PDCCH performance. Furthermore, the PUSCH HARQ-ACK bits for multiple UEs could be multiplexed and encoded and modulated as a normal PDCCH, which should then be scrambled by a new RNTI. However, such solutions introduce substantial core specification and implementation complexity.

Other proposals such as operating PUSCH without HARQ feedback or introducing new PHICH timing are not recommendable because substantial performance losses or implementation complexity increases. Based on complexity/benefit tradeoff consideration and considering the late phase in Rel-11, Solution 1 for the PHICH resource problem is preferred, which would give that Alt 1 is our preference.

[Samsung] We support Alt.1 (scheduling cell’s PUSCH timing). According to our analysis provided in R1-122223, Alt.2 results in that about 78% of scheduled cell UL subframes do not have PHICH resources on the corresponding scheduling cell DL subframes. Those DL subframes require PDCCH to indicate DL HARQ-ACK. This incurs DL control overhead increase, additional ACK signalling mechanism, reliability issue, etc. The detailed analysis can be found in our contribution R1-122223.
[Renesas Mobile] For Alt 1, besides the drawback of losing PUSCH, another drawback is the inconsistent UL scheduling for scheduled cell between new UEs and legacy UEs which will severely impact the effectiveness and working of eNB scheduler implementation, service prioritization policies and UL MU-MIMO scheduling.
For Alt 2, when there is lack of PHICH resources, at least we can use an implementation based solution to solve this issue, i.e. 1) put scheduling restriction on UL subframe without PHICH resource, so that the same or similar UL performance can be achieved compared with Alt 1 but do not have the drawback of inconsistent UL scheduling timing; 2) use adaptive retransmission when PDCCH capacity is enough.. Furthermore, ePHICH can be used to indicate the DL feedback to new TDD UEs, if ePHICH is specified.
[Panasonic] In Alt2, there are subframes where scheduled cell is with PHICH while scheduling cell is without PHICH. But system can work without function of PHICH i.e. to use adaptive retransmission using (e)PDCCH. Hence we do not think such a PHICH-less issue is significant. We prefer Alt2 which can achieve peak rate. So our preference is alt 2 and following behaviour. In subframe without PHICH on scheduling cell, retransmission is indicted by PDCCH (and ePDCCH) only. In subframes with PHICH on scheduling cell, retransmission is indicated by PDCCH (and ePDCCH) or PHICH. 
[Pantech] Alt 2 is our preference. For PHICH resource issue, either using PDCCH for PUSCH retransmission or supporting cross-carrier scheduling only when the required PHICH resources are carried by the scheduling cell can be one of solutions. Basically, the latter is preferred as a solution for PHICH resource issue.
[New Postcom]  Alt 2 is preferred. 
For Alt 1, if following the scheduling cell’s PUSCH timing, although no PHICH issue exists, uplink peak rate may not be achieved for some PUSCH subframes. 
For Alt2, if following the scheduled cell’s PUSCH timing, all uplink subframes on SCell are usable, and thus uplink peak rate can be achieved. However, since PHICH is always transmitted on the cell carrying the UL grant, i.e., on the scheduling cell, PHICH resource may not be availble, which may be resolved by eNB scheduling limitation or retransmission adaptation. 
Therefore, for guarantee uplink peak rate, Alt 2 is preferred that the cross-scheduled cell follows its own PUSCH timing, and no PHICH is transmitted if PHICH resource is unavailable on the scheduling cell. 
[IDCC]: Support Alt-2. Following the scheduling cell’s UL timing significantly reduces the SCell UL scheduling opportunities and therefore, some SCell UL subframes are not scheduled at all and are wasted (see R1-122544 for more detail). 

[RIM] In our view, the peak rate is the priority. We support Alt 2 to follow the scheduled cell’s PUSCH timing on SCell. 

To solve the PHICH resource issue, three possible solutions can be considered.

1.
Use adaptive HARQ retransmission instead of relying on the ACK/NACK on PHICH. This can implicitly convey ACK/NAK information and as such there is no need for ACK/NACK transmission in DL subframes. With adaptive retransmission, the retransmission Physical Resource Block (PRB) can be different from the initial PUSCH PRB. This provides an opportunity to choose more desirable radio resources based on the current radio channel condition and leads to better performance. However, since UL grant is UE specific, it may become costly, in terms of PDCCH resource, if there are a significant number of retransmissions relying on this scheme. 

2.
Provision PHICH resource for CA UE at subframes without PHICH resources. There are a number of ways to implement this, such as puncturing onto the existing control region, using special PDCCH, ePHICH etc.

3.
Possibly multiplex ACK/NACK onto PCFICH resource elements in certain channel condition. This could create extra PHICH resources in the DL subframe where normal PHICH resource is not available.
[Qualcomm] We prefer Alt. 2: Follow the scheduled cell’s PUSCH timing. This approach provides the full peak data rate on UL of the scheduled cell (as opposed when the scheduling cell timeline is followed) with no specification impact. On zero-PHICH subframes when HARQ feedback for the scheduled cell is due, PHICH-less operation could be utilized. 

[Intel] Alt.2 is our preferred option for Case B. Alt. 2 can provide significant increase in the UL peak data rate for the CA capable UEs, at the cost of introducing some marginal specification/implementation efforts. As analysed on our contribution (R1-122659), more than 50% of gains are observed in UL resource utilization efficiency using Alt.2. One clear issue with Alt.2 is that the control feedback on PHICH may need to be transmitted on zero-PHICH DL subframes. This issue could be addressed by either PHICH-less operation or E-PHICH (if supported) without significant impact to specification complexity. 

[HW/Hisi] We propose to adopt Alt 2 in this case. The cross-scheduled cell follows its own PUSCH scheduling and HARQ timing to fully utilize the UL resource for UL transmission. If there is no legacy PHICH resource on the DL subframe, the UL grant can be used to to replace the NACK to indicate the retransmission. According this method, the increased overhead of PDCCH is marginal since the number of UEs that are configured with CA is not too large and the retransmission probability is only approximately around 10%. eNB can make the initial transmission for these specific subframes (without associated legacy PHICH resource) more conservatively (e.g., indicating low MCS or more RBs) to enhance the reliability of the initial transmission and reduce the probability of retransmission if the additional PDCCH overhead is concerned.

[Sharp]: We prefer Alt-1, follow the scheduling cell. 
[ZTE]Alt 2 is preferred. UL subframes on scheduled cell can be fully utilized by Alt 2 in conjunction with PHICH-less operation (i.e. adaptive retransmission), accordingly UL peak data rate is preserved. Note that the case categoration is somewhat different from what we had proposed in R1-122111. If we follow the categoration defined in R1-122111, the combination of (2,3), (2,4) and (6,0) also belong to this case. (see R1-122111 for more details.)  

[ALU/ASB]: For Alt1, the benefit is that PHICH/UL-grant of the consistent UL subframes can be conveyed on the legacy PHICH/UL-grant DL subframe according to the TDD configuration of the scheduling cell, and thus no PHICH/UL-grant issue exists. However, for the inconsistent UL subfames on the scheduled cell, the scheduling cell will give up the PUSCH transmission on them, and thus it will cause bandwidth wastage and the peak rate may not be achievable. For Alt2, if following the scheduled cell’s PUSCH HARQ/scheduling timing, the benefit is that this solution enables the peak rate to be achieved. However, if the PHICH/UL-grant is mapped on a DL subframe which cannot convey legacy PHICH/UL-grant on the scheduling cell, PHICH/UL-grant collisions happen. To support Alt2, a new timing table beyond Rel-8/9/10 for PHICH/UL-grant is necessary which will inevitably generate a big impact on the specifications. Based on the above analysis, we recommend Alt1, where the PHICH/UL-grant timing follows that of the scheduling cell.

[NNSN]: Alt 2 is preferred, since it can enable the maximum UL throughput in case of cross-carrier scheduling. For the PHICH issue, our preference is to use PHICH-less (adaptive UL retransmission) operation when there is no backward compatible PHICH resource on scheduling cell.

[LG] Alt 2 is preferred.

As DL case above, in case of UL scheduling as well, it is desirable to utilize all UL subframes even for Scell in order to make peak rate achievable regardless whether cross-CC scheduling is configured or not, as long as no critical problem or complexity would be induced. 

In addition, it should be noted here that the combination with (scheduling cell, scheduled cell) = UL-DL configuration (#6, #0) is better to be treated as Case B (rather than Case D) even though scheduling cell has non-10ms RTT since the DL subframes required to schedule all the UL subframes in scheduled cell (#0) are all available in scheduling cell (#6).

Moreover, in case that PHICH is not available in scheduling cell, PHICH-less operation by UL grant based retransmission is to be supported. 
[Potevio]: Alt 2 is preferred. The higher UL peak data rae can be achieved. The retransmission based on DCI trigger can be used. 
[CATT]: Alt1 is our preference due to its simplicity. If maximal UL peak data rate shall be pursued, then self carrier scheduling can be configured for the UE, particularly considering that E-PDCCH is designed for Rel-11 which can address the control channel interference in hetnet deployments.

4.4.7 Reference HARQ/scheduling timing on scheduled cell for cross-carrier scheduling in case C in UL (UL, case C)
For cross carrier scheduling in UL - case C, is the case support and if it is support how is the HARQ/scheduling timing for the scheduled cell defined. 

Discussion/Company comments:

[Ericsson/ST-Ericsson] To ensure PHICH resource availability, the PUSCH grant and PHICH timings of the scheduling cell is applied to the scheduled Scell. Since the UL subframes of the scheduling cell are not a superset of the UL subframes of the scheduled Scell, some UL subframes in the Scell can be cross-carrier scheduled and some are not cross-carrier schedulable. Even this limitation, the UE camped on the configuration #1 Pcell still receives 50% increase in UL subframes with CA and the UE camped on the configuration #3 Pcell still receives 67% increase in UL subframes with CA. In summary our proposal is to support HARQ/scheduling timing by following the scheduling cell´s PUSCH timing.
[Samsung] UL-Case C is supported. Similarly with UL-Case B, the HARQ/scheduling timing for the scheduled cell follows scheduling cell’s PUSCH timing.
[Renesas Mobile] This case needs to be supported if the same case for DL is supported. If DL case is supported but UL case is not supported, when cross-carrier scheduling is enabled, no UL subframes can be scheduled at all.
For HARQ/scheduling timing, following scheduling cell timing will disable some UL subframes because there is lack of scheduling timing for these UL subframes. Besides, inconsistent UL scheduling happens for scheduled cell between new UEs and legacy UEs which will severely impact the effectiveness and working of eNB scheduler implementation, service prioritization policies and UL MU-MIMO scheduling.
For HARQ/scheduling timing, following scheduled cell timing will also disable some UL subframes because UL grant subframe in scheduling cell is UL subframe. Besides, some UL subframes have PHICH resource issues.
Considering disable cross-carrier scheduling temporarily can solve UL grant missing problem and PHICH resource issue can be solved easily by an implementation based solution and by defining new PHICH resource or using ePHICH if specified, we slightly prefer following the scheduled cell timing. 
[Panasonic] For Case C in case of cross-carrier scheduling, PHICH timing is an issue when PCell is in UL subframe while SCell is in DL subframe for cross-carrier scheduling. Hence to avoid the issue, the scheduled cell follows the scheduling cell’s SIB1 configuration. This guarantees PHICH availability on the scheduling cell.
[Pantech] UL-Case C is supported, corresponding PUSCH HARQ timing can be determined by following: 
For PUSCH HARQ timing in case C, the combinations {1,3}, {3,1} can be handled by TDD UL-DL configuration #3 timing and other combinations {2, 3}, {2, 4}, {3, 2} and {4, 2} can be handled by TDD UL-DL configuration 3, 4, 1 and 1, respectively
[New Postcom]  
Similar as PDSCH timing in Case C, working assumption is supporting cross-carrier scheduling. 
Since the UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor subset of the UL subframes indicated by the scheduling cell SIB1 configuration, the issues of peak rate reduction and PHICH resource less both exist in this case, we slghtly prefer following the scheduled cell’s timing, but further considerations is required. 
[IDCC]: This case includes 6 combinations out of 42 TDD UL/DL configuration combinations. Our preference is not to support these combinations in order to simplify the specification effort by avoiding the introduction of exception to the solutions provided for other cases, i.e., SCell UL timing either follows PCell’s or SCell’s SIB1 configuration. In the case of supporting these combinations, our preference would be that the SCell UL scheduling/HARQ timing to follow that of the TDD UL/DL configuration 1 (see R1-122544 for more detail).

[RIM] UL-Case C can be supported, the timing for the scheduled cell should follow the timing of a reference configuration which is one of them in the existing defined configurations.

[Qualcomm]: Since the design for this case is strongly related other cases, the decision to confirm working assumption or not should wait until the decisions on other cases regarding how to support cross-carrier scheudling are made

[Intel] Similar to the discussion on UL Case B in previous section, the solution that maximizes uplink peak data rate for CA capable UEs while maintaining acceptable specification complexity is preferred. For the two configuration combinations, e.g. {Config.2 (scheduling cell) + Config.3/4 (scheduled cell)}, the maximum UL spectral efficiency is obtained by simply following scheduled cell’s scheduling/HARQ timing. For the remaining four cases, reference UL-DL configurations corresponding to respective configuration combinations could be used for PUSCH transmission on Scell. 
[HW/Hisi] For these six combinations, we propose to maximize the number of UL subframes which can be cross-carrier scheduled, i.e.,

For aggregation of configuration [2+3] (PCell is Config. #2, SCell is Config #3) and [2+4], the cross-scheduled cell follows its own PUSCH scheduling and HARQ timing. 

For aggregation of configuration [3+2], [4+2], [1+3] and [3+1], the cross-scheduled cell follows HARQ timing of configuration 1.
[Sharp]: This case can be supported with the same rule of following the timing of the scheduling cell, same as Case B. 
[ZTE] In our point of view, it is hard to say those combination are not typical in the Het-net deployment scenarios because configuration #1 and #2 are popular now in homogenous networks while configuration#3 and #4 are suitable for hot spots. Hence, to draw the conclusion on whether to support cross-carrier scheduling for case C, operator’s input is very helpful. 

Subframe-dependent timing solution is proposed for this case, see R1-122111 for more details.

Note that combination of (2,3) and (2,4) are precluded for this case as mentioned above.

[ALU/ASB]: Similar to our pervious preference on UL Case B, for Cased C, we also recommend Alt1, where the PHICH/UL-grant timing follows that of the scheduling cell.
[NNSN]: UL Case C should be supported. Our suggested reference configuration is 

· {1+3, 3+1}: configuration 1

· {2+3, 3+2}: configuration 3

· {2+4, 4+2}: configuration 1

[LG] For Case C and D, it might be desirable to define an efficient UL-DL configuration as PUSCH HARQ timing reference for scheduled cell for each combination, by taking complexity, throughput, and latency into account as below. 

· To avoid complicated HARQ timing design, it seems be reasonable not to determine UL-DL configuration #0 as PUSCH HARQ timing reference. 

· To guarantee peak rate in UL, it seems be desirable to minimize amount of non-schedulable UL subframes in PUSCH cell. 

· To reduce PUSCH HARQ latency, it seems be efficient to choose UL-DL configuration with smaller RTT as long as UL subframe loss would not be caused.

Exact UL-DL configuration number for PUSCH HARQ timing reference in each combination is provided in R1-122273. 

More specifically, PUSCH HARQ timing for scheduled cell in Case C could be determined to follow UL-DL configuration #1 or #6, or scheduled cell’s timing.

In Case D, PUSCH HARQ timing reference for scheduled cell could be determined as UL-DL configuration #1 or #6.

Besides, as described in R1-122273, skipping of some UL grant/PUSCH/PHICH timing(s) associated with misalignment in UL between scheduled cell and reference configuration and/or misalignment in DL between scheduling cell and reference configuration could be applied. 
[Potevio]: UL Case C may be supported. The reference configuration is further discussed.
[CATT]: The PUSCH HARQ/scheduling timing of the scheduled cell follows the SIB1 configuration of the scheduling cell.

4.4.8 Reference HARQ/scheduling timing on scheduled cell for cross-carrier scheduling in case D in UL (UL, case D)
For cross carrier scheduling in UL - case D, is the case support and if it is support how is the HARQ/scheduling timing for the scheduled cell defined. 

Discussion/Company comments:

[Ericsson/ST-Ericsson] There are 7 UL HARQ processes in configuration #0 but only 6 UL subframes in a frame. There are 6 UL HARQ processes in configuration 6 but only 5 UL subframes in a frame. Consequently, the subframes belonging to the same HARQ process shift positions within the frames over time on the scheduling cell. The entire shifting pattern cycles take 70 and 60 ms for configuration #0 and #6, respectively.

Since it is not possible to guarantee UL subframe available on SCell for HARQ retransmission, this type of configuration cannot be supported in Rel-11.

[Samsung] UL-Case D is supported. The PUSCH HARQ/scheduling timing on the scheduled cell can follow the timing of a reference UL-DL configuration taken from the table defined in Rel-8, which maintains the scheduled cell HARQ RTT and maximizes the number of scheduled UL subframes. 
[Renesas Mobile] This case should be supported because the same case for DL is already agreed to be supported. If DL case is supported but UL case is not supported, when cross-carrier scheduling is enabled, all UL subframes cannot be scheduled at all.
For HARQ/scheduling timing, we see two alternatives:
Follow scheduling cell’s PUSCH timing
Follow scheduled cell’s PUSCH timing
Following the scheduling cell timing will results in decreased retransmission times because the scheduled cell UL RTT cannot be maintained at 10ms anymore. Besides, inconsistent UL scheduling is happens for scheduled cell between new UEs and legacy UEs which will severely impact the effectiveness and working of eNB scheduler implementation, service prioritization policies and UL MU-MIMO scheduling.
Following the scheduled cell timing will disable some UL subframes because the UL grant subframe in scheduling cell is an UL subframe. There will be some impact on UL peak data rate. But compared with following the scheduling cell timing, such solution has less impact and issues. So our preference is follow scheduled cell timing.
[Panasonic] For Case DA (Case D except for the case of “Scheduling cell=Config#6 and scheduled cell=Config#0”) and Case DB (Scheduling cell=Config#6 and scheduled cell=Config#0) in case of cross-carrier scheduling, if scheduled cell follows scheduling cell with PUSCH RTT is more than 10ms, the number of UL HARQ processes on the scheduled cell may increase. Or another solution would be to double the scheduled cell’s PUSCH RTT. 
For Case DA, PHICH timing is an issue when PCell is in UL subframe while SCell is in DL subframe for cross-carrier scheduling. To avoid the issue, the scheduled cell should follow the scheduling cell’s PUSCH HARQ/scheduling timing. Case DB does not have such an issue.
Hence, at least for Case DB (i.e. Scheduling cell=Config#6 and scheduled cell=Config#0), in case of carrier scheduling, we prefer scheduled cell should follow the scheduled cell’s PUSCH HARQ/scheduling timing. FFS for Case DA.
[Pantech]: As pointed out by Ericsson, supporting UL-case D can result in non-acceptable PUSCH HARQ operation such as very long HARQ RTT and less available PUSCH HARQ process. In order to support the UL case D, it might require the additional handlings (e.g. new PUSCH HARQ timing beyond Rel-8 timing table). Accordingly, when taking other remaining issues into account, it is preferred not to support the UL-case D in case of cross-carrier scheduling.
[New Postcom]
It is preferable to support cross-carrier scheduling for the consistence with other cases. 
[IDCC] UL Case D is not supported in order to simplify the specification effort. 

In the case of supporting UL Case D, our preference would be that the SCell UL scheduling/HARQ timing to follow that of the TDD UL/DL configuration 1 since this configuration is the most efficient configuration to be followed by the SCell for the corresponding combinations(see R1-122544 for more detail).

[RIM] In our view, UL-Case D should be supported. The HARQ/scheduling timing for the scheduled cell should follow the timing of a reference configuration which is one of them in the existing defined configurations. The retransmission issue due to RTT larger than 10 ms can be solved as follows,

•
The current retransmission subframe index, m, minus one (m-1) if (m-1) is not less than n+4, while n is the subframe index conveying the NACK.  

•
Otherwise, or if the m-1 subframe is occupied, retransmit on the next available UL subframe.

[Qualcomm] For the case when UL subframes indicated by the scheduled cell SIB1 configuration are a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and when the scheduling cell UL H-ARQ RTT is not 10ms, subframe shifting can occur if the UL timing of the scheduled CC follows that of the scheduling CC. It is not however clear at this point such an issue warrants the removal of cross-carrier scheduling support for this case. Disabling the cross-carrier control for this case would involve further operation restriction and limit the flexibility, while simple consideration may provide the solution.
[Intel] We prefer Case D is supported in Rel-11. As mentioned earlier, no restriction imposed on the configuration combination is preferred in order to simplify the core specification and provide sufficient flexibility for network deployment. PUSCH scheduling/HARQ timing on scheduled cell can simply follow the scheduling cell SIB1 configuration without impacting the UL peak data rate. The main issue arising from this method is that the UL subframes belonging to the same HARQ process may shift position within the frames over time. However, this issue could be solved by deferring the PUSCH re-transmission to the next available UL subframe. 

[HW/Hisi] In TDD, only configuration 0 and 6 has equal or more UL subframes than DL subframes. If we consider the flexibility of TDD system to support UL traffic heavy scenarios, TDD configuration 0 and 6 should be applicable to aggregate with other TDD configurations. Configurations 0/6 with relative more UL subframes could also be used to provide larger coverage of UL channels. In addition, a UL heavy cell may be used as the cross-scheduling cell to enhance the control signaling in the case of CA-based HetNet. 

Two possible schemes can be considered as following:

If the UL subframe for a PUSCH retransmission is not available on the SCell, the PUSCH scheduling and HARQ timing for the PUSCH retransmission should follow the timing of the next available UL subframe. eNB can temporarily suspend the current HARQ process by transmitting an ACK to the UE while the UL subframe is not available for retransmission. Then, eNB can restart the HARQ process by sending UL grant when a UL subframe is available according to the original timing.
[Sharp]: This case can be supported with the same rule of following the timing of the scheduling cell, same as Case B and Case C.
[ZTE] For case D, because the UL HARQ is synchronous and PUSCH RTT of scheduling cell is different to that of scheduled cell, it is not suitable to simply reuse scheduling timing and HARQ timing corresponding to either scheduled cell or scheduling cell SIB1 configuration for scheduled cell. The problem for this case is either lack of UL grant on scheduling cell or no valid UL subframe on scheduled cell for retransmission, accordingly special handling is required to suitably support this case, e.g. new timeline or retransmission holding/suspending mechanism which poses non-negligible standard impact.

It is preferred to consider cross-carrier PUSCH scheduling for case D in later release considering the limited time in R11, though disabling cross-carrier UL scheduling for case D implies CA operation restriction for case D when cross-carrier scheduling should be configured for Scell.

Note that combination (6,0) is precluded in this case as mentioned above.

[ALU/ASB]: For Case D, if the PUSCH RTT of the scheduling cell is not 10 ms, such as when Configurations 0 or 6 are configured, a PUSCH retransmission may happen on a DL subframe on the scheduled cell by following the timing of the scheduling cell. To solve such collisions, we have shown that some possible solutions exist in R1-121228. However, considering the complexity of these solutions, we further propose not to support PUSCH cross-carrier scheduling for Case D in Rel-11.
[NNSN]: UL Case D should be supported. Our suggested reference configuration is 

· {0+6}: configuration 6

· {6+0}: configuration 0

· {All the other combinations in UL Case D}: configuration 1
[LG] Refer answer to Section 3.2.7 above. 

[Potevio]: The detailes can be seen in R1-122392. 

1.When scheduling Cell is 10ms RTT and scheduled Cell is non 10ms RTT), cross-scheduling with the timing of scheduled Cell is preferred. 

2.When scheduling Cell is non 10ms RTT and scheduled Cell is 10ms RTT, new processes are preferred. 

3.When scheduling Cell is configuration 6 and scheduled Cell is configuration 0), cross-scheduling with the timing of configuration 0 is preferred.

4.When scheduling Cell is configuration 0 and scheduled Cell is configuration 6), new processes are preferred. 
[CATT]: The PUSCH HARQ/scheduling timing of the scheduled cell follows the SIB1 configuration of the scheduling cell, as in other cases and hence a unified solution for cross carrier scheduling.

4.5 Others
4.5.1 Half-duplex scheduling direction

For half duplex scheduling timing the following two approaches where discussed at RAN1 #68

· Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB

Companies are encouraged to provided there view on how the scheduling direction of half-duplex UE should be determined

Discussion/Company comments:

[Ericsson/ST-Ericsson] A UE not capable of simultaneous transmission in one band and reception in another band can be supported with scheduling solutions with minimal impact to the core specifications. In addition to minimize specification impacts, the dynamic scheduling approach allows flexible usage of UL/DL directions in conflicting subframes and affords high throughput benefits to even these half-duplex UEs. Our preference is therefore Alt 2.

[Samsung]: We don’t have strong option, possibly Alt-2. 
[Renesas Mobile] Our preference is Alt 2. This is because Alt 2 is consistent with what we defined for half-duplex FDD operation in Rel-8/9/10. And Alt 2 can also enable more flexible resource utilization of UL/DL subframes. Besides, by using Alt 2, half-duplex TDD can use same HARQ/scheduling timing as defined for full-duplex TDD mode, which ease both specification and implementation work. 
[Panasonic] Alt2 includes Alt1 since in Alt2, eNB can determine whether always to fix the direction to follow PCell (i.e. Alt1) or not. Hence we prefer Alt2; namely the transmission direction is determined by eNB. 
In Alt2, there are two further alternatives; eNB determines the transmission direction whether semi-statically or dynamically. Dynamic scheme is attractive from the flexibility but false/miss detection of (e)PDCCH behavior needs to be analyzed. Therefore, further evaluation is necessary.
[Pantech]: With spirit of dynamic/flexible traffic adaptation, efficient resource utilization and high throughput performance for half duplex UE, alt-2 is thus preferred. 
Furthermore, there could be additional consideration about decision of subframe direction in conflicting subframe which is to provide a preamble format configuration with full flexibility during random access procedure. In Rel-11, since M-TA was agreed to support a timing advance for SCell, M-TA can be used for both PCell and SCell even in conflicting subframe. In this case, the consecutive UL subframes for half duplex UE can not be guaranteed due to decision of subframe direction (i.e. muting UL subframe in conflicting subframe) and thus, a preamble format with longer preamble sequence may not be supported. For better UL coverage and flexible preamble transmission timing, this consideration needs to be discussed on top of decision of subframe direction (i.e. alt 1 or 2) in conflicting suframe. The details are addressed in R1-122442.
[New Postcom]
Slightly prefer alt 2 which depends on eNB’s configuration for difference cases with scheduling flexibility.
[IDCC]: the goal of the carrier aggregation is to improve the capacity/bit-rate of a typical UE compared to the case of that UE using a single carrier (PCell only). So any capacity/peak-rate improvement should be on top of that of achieved by a single carrier. As a result, the PCell operation of a CA-capable UE should not be impacted by that UE using a SCell. Therefore, the natural conclusion is that a CA-capable UE should be always able to transmit/receive to/from the PCell which means that the UE should always comply with the PCell’s direction of transmission. Therefore, we support Alt-1.

[RIM] Because half duplex operation is not the target for performance optimization, we think the solution should aim at keeping specification impact as less as possible. Alt 1 is simple and straightforward. Moreover, there is not any issue with PDSCH and PUSCH timing design. It does not need to consider extra guard period for switch points. We prefer Alt 1.

[Qualcomm] We prefer Alt.2: the transmission direction is determined by eNB. If a UE can not perform full-duplex operation, the eNB can impose necessary scheduling restrictions to serve the UE in the half-duplex manner.

[Intel] Alt.1 is preferred for half-duplex UE for the same reason described in Section 3.2.2. 

[HW/Hisi] We slightly prefer to adopt Alt2 for the selection of scheduling direction for half-duplex UE since with alt. 2, the transmission direction of conflicting subframe can be flexibly decided by eNB scheduling. However, some scheduling restrictions need to be implemented to avoid the additional switching point and the decreasing of the spectrum efficiency.
[Sharp]: We slightly prefer Alt 2. Half duplex may be a special case of full duplex with scheduling constraints. In Alt 2 with dynamic determination of transmission direction, the direction of a conflicting subframe may be DL by default. If there is UL grant or PUCCH report in the given subframe, it should be treated as an UL subframe, and UE is not required to receive the DL in the other band in the same subframe. (Note: the UE behaviour is similar to Rel-8/9/10 half duplex operation for FDD.) 
[ZTE] It is natural that RAN1 design should focus on the full-duplex operation in order to fully exploit the benefits offered by aggregation of cells with different TDD UL-DL configurations. It is acceptable not to optimize the performance for half-duplex mode and scheduling based solution can make the solution designed for full-duplex mode viable for half-duplex mode. That is to say, if a UE is not capable of full-duplex operation, the eNB can impose necessary scheduling restrictions to serve the UE in the half-duplex manner. Therefore, we prefer Alt 2.

[ALU/ASB] Alt 2: the transmission direction is determined by eNB is preferred. It can provides more flexitbity on scheduling based on traffic addaptaion. In addition, Alt1 could also be regarded as a special case of Alt2. 
[NNSN]: Alt 1 is preferred, since Alt 2 will complicate eNB/UE implementation without justified benefits. 
[LG] Either way, decision should be made by taking both resource utilization and standard impact into account.
[Potevio]: The PCell transmission should have the higher priority. Alt 2 can bring an additional complexity to maintain the same understanding between eNB and UE. So Alt 1 is suggested. 
[CATT]: Alt1 is our preference. Although Alt2 seems to provide more flexibility than Alt1, we do not think it provides meaningful differences in practice as discussed in our T-doc R1-122029. On the other hand, Alt2 leads to more complicated UE implementation and specification.




