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1 Introduction
In RAN1#66, RAN1#66bis and RAN1#67 meeting, following agreement has been made,

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

Working assumptions to be confirmed in RAN1#68
Working assumption to 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
Check until RAN1#68 whether this working assumption can be confirmed. 
The HARQ timing rules is as follows,
· Option 1: Additional HARQ-ACK timing is added, in addition to existing HARQ-ACK timing in Rel-8/9/10.
· Option 2: 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. The application of H-ARQ-ACK timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration is FFS.
· Working assumption is option 2. FFS if there are cases where additional timing is needed or is beneficial.

· For PUCCH transmission, working assumption is PUCCH on PCell-only.

Conclusion:

· 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
Email discussions took place until RAN1#68 on the details of supporting different TDD UL-DL configurations on different bands.
2 Discussion
2.1 Working assumptions to be confirmed
The following working assumptions are made in RAN1#66bis and to be confirmed in RAN1#67.

Discussion/Company comments:
2.1.1 Downlink cross-carrier scheduling

For downlink, is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?
Working assumptions in RAN1#67 is that 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. 
Discussion/Company comments:
	Company
	Comments

	CATT
	Yes, The working assumption can be confirmed.

	HW, HiSi
	Yes. Cross-carrier scheduling is a mature method to support interference coordination on the DL control channels in Rel-10. In Rel-11, cross-carrier scheduling mechanism can be reused for inter-band TDD CA with different configurations since Hetnet scenario is an important scenario to support.

	IDCC
	Agreed. The working assumption can be confirmed.

	ZTE
	In our view, cross-carrier scheduling should be applicable to both UL and DL for aggregation of TDD cells with different UL-DL configurations if supported. It is not suitable to support cross-carrier scheduling for DL only considering the motivation and mechanism of R10 cross-carrier scheduling. The working assumption can be confirmed on condition that cross-carrier UL scheduling is also supported.

	Samsung
	Yes, the working assumption can be confirmed.

	Panasonic
	Yes, the working assumption can be confirmed.

	Renesas
	Yes, the working assumption can be confirmed.

	RIM
	This working assumption can be confirmed.

	Sharp
	Yes, working assumption can be confirmed. PDSCH scheduling can be applied in a subframe where PCell and SCell have the same DL allocations.

	NSN, Nokia
	Yes. Besides, it is our preference that all DL subframes on all aggregated cells are schedulable in case of cross-carrier scheduling.


Responses were received from 10 companies. From the view expressed above, all companies confirm the working assumption.

In addition, the following aspects are proposed by individual company,

· The working assumption can be confirmed on condition that cross-carrier UL scheduling is also supported.

· PDSCH scheduling can be applied in a subframe where PCell and SCell have the same DL allocations.
· all DL subframes on all aggregated cells are schedulable in case of cross-carrier scheduling.
Proposed agreement 1: 
· For downlink, cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations is supported.
2.1.2 New HARQ-ACK timing or not?

Is there no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10 ?

Working assumption in RAN1#67 is as follows,

The HARQ timing rules is as follows,
· Option 1: Additional HARQ-ACK timing is added, in addition to existing HARQ-ACK timing in Rel-8/9/10.
· Option 2: 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. The application of H-ARQ-ACK timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration is FFS.
· Working assumption is option 2. FFS if there are cases where additional timing is needed or is beneficial.
Discussion/Company comments:
	Company
	Comments

	CATT
	Yes, the working assumption can be confirmed. No new HARQ timing is specified in Rel-11.

	HW, HiSi
	We propose to confirm option 2 in the WA since reusing of existing HARQ-ACK timing of Rel-8/9/10 can avoid extra standard and implementation effort.

	IDCC
	Agreed, the working assumption can be confirmed, i.e., Option 2 where no new HARQ-ACK timing table is required.

	ZTE
	Yes, this WA can be confirmed, i.e. Option 2.

	Samsung
	Yes, no new HARQ-ACK timing table (Option 2).

	Panasonic
	Yes, the working assumption (option 2) can be confirmed.

	Renesas
	Yes, the working assumption can be confirmed, that no new HARQ-ACK timing table introduced in Rel-11.

	RIM
	Yes, Option 2: No new HARQ-ACK timing.

	Sharp
	Support keeping HARQ-ACK timing unchanged on PCell. Map SCell HARQ-ACK to PCell UL locations. For each PCell configuration, it is desirable to have a mapping table that is applicable to all TDD UL-DL configurations and combinations.

	NSN, Nokia
	The WA is OK to us if additional efforts to introduce new HARQ-ACK timing are considered as too large.


Responses were received from 10 companies. From the view expressed above, all companies confirm the working assumption. Some companies are considering if additional efforts to introduce new HARQ-ACK timing are considered as too large, then the WA is OK.
Proposed agreement 2:
No new HARQ-ACK timing tables beyond those are already defined in Rel-8/9/10. 
2.1.3 PUCCH transmission

For PUCCH transmission, is PUCCH on PCell-only?

Working assumption in RAN1#67 is that PUCCH transmission is on PCell-only.
Discussion/Company comments:
	Company
	Comments

	CATT
	Yes, the working assumption can be confirmed.

	HW, HiSi
	We propose to transmit PUCCH on PCell only since some UEs don’t have the ability to support UL carrier aggregation.

	IDCC
	Agreed, the working assumption can be confirmed.

	Samsung
	Yes, PUCCH on PCell-only

	Panasonic
	Working assumption can be confirmed at least in Rel 11.

	Renesas
	Yes, the working assumption can be confirmed

	RIM
	PUCCH on PCell only, comfirmed.

	Sharp
	Yes, PUCCH on PCell only

	NSN, Nokia
	Yes. We think the WA can be confirmed.


Responses were received from 9 companies. From the view expressed above, all companies confirm the working assumption.

Proposed agreement 3:
For PUCCH transmission, PUCCH is on PCell-only.
2.2 Open issues to be continued 

2.2.1 Timing
If no new HARQ-ACK timing table can be confirmed, what is the HARQ-ACK timing for PCell and SCell(s)
If working assumption 2.1.2 can be confirmed, then how to pick up the HARQ-ACK timing for PCell and SCell(s) respectively from existing Rel-8/9/10 HARQ-ACK timing table in the case of self-scheduling and in the case of cross-carrier scheduling? 
Discussion/Company comments:
	Company
	Comments

	CATT
	The PDSCH HARQ timing on all serving cells shall follow the PCell SIB2 configuration. The PUSCH HARQ/scheduling timing on the serving cell where PUSCH is transmitted shall follow the SIB2 configuration of the serving cell where the corresponding UL grant is sent.

	HW, HiSi
	1. The HARQ-ACK timing for PCell with/without cross-carrier scheduling:
According to the working assumption, the HARQ-ACK timing should follows PCell’s own Rel-8/9/10 timing since the UL HARQ-ACK can always find proper UL subframe to feedback UL ACK/NAK. We didn’t any find necessity to change PCell’s HARQ timing.

2. The HARQ-ACK timing for SCell with non-cross-carrier scheduling:
The HARQ-ACK timing of PCell is reused when the UL subframes on the SCell are the superset of PCell. Otherwise, it uses SCell’s own Rel-8/9/10 HARQ-ACK timing. 
3. The HARQ-ACK timing for SCell with cross-carrier scheduling
With the assumption that SCell’s DL subframe can only be cross-scheduled when DL Grant and PDSCH are in the same TTI, such DL subframes on SCell are always a subset of PCell’s DL subframes. Therefore, the SCell’s HARQ-ACK timing of DL transmission could follow PCell’s HARQ-ACK timing.

	IDCC
	The HARQ-ACK timing of PCell and SCell should be considered separately. The PCell HARQ-ACK timing should always follow its own (i.e., PCell) TDD UL-DL configuration. This can be a part of a more general design principle for the PCell (please see Section 2.3). Depending on the TDD UL-DL configurations, the HARQ-ACK timing of the SCell may follow SCell’s or PCell’s or a reference configuration. SCell HARQ-ACK timing should be considered separately for cross-carrier and non-cross-carrier scheduling. Please see R1-120129 for SCell as a possible example of SCell DL HARQ-ACK arrangement.

	Ericsson/

ST-Ericsson
	On a high level there are two different options on the table either we are using the PCell SIB2 UL/DL configuration for all aggregated SCells or we are using configured/UE derived PDSCH HARQ timing reference configuration number X that is the same for all aggregated cells. Using a PCell SIB2 UL/DL configuration on all aggregated SCells has the drawback that it is not possible to schedule specific DL subframe on an SCell, if the DL subframes does not have a corresponding HARQ timing from the PCell. Using configured/UE derived PDSCH HARQ timing reference configuration will in some cases prolong the HARQ timing. From a performance perspective it better being able to schedule all DL subframes with HARQ feedback then to not being able to schedule them at all or without HARQ feedback, hence our preference is to have a configured/UE derived PDSCH HARQ timing reference configuration number X

	ZTE
	1. In the case of self-scheduling, each cell’s PUSCH scheduling timing and HARQ timing still follows the timeline corresponding to its own UL-DL configuration.

2. In the case of cross-carrier scheduling, the scheduled cell’s PUSCH scheduling timing and HARQ timing follows the timeline corresponding to the UL heavier UL-DL configuration between scheduling cell and scheduled cell.

3. For both self-scheduling and cross-carrier scheduling, if PCell is UL heavy with respect to SCell(s), each cell’s DL HARQ timing follows the timeline corresponding to its own UL-DL configuration defined in R8. If PCell is DL heavy with respect to SCell, SCell’s DL HARQ timing could follow the timeline corresponding to either PCell’s or its own UL-DL configuration, while PCell’s DL HARQ timing still follows PCell’s UL-DL configuration.

	Samsung
	The UL HARQ-ACK timing for Pcell follows timing rule for TDD UL-DL configuration of Pcell regardless of self and cross-carrier scheduling.

The UL HARQ-ACK timing for Scell should support at least the following case regardless of self and cross-carrier scheduling (R1-120158):

· For case in which Pcell has a DL subframe at the timing of PDSCH transmission on Scell:

· UL HARQ-ACK in response to a PDSCH transmission on Scell can be sent in a UL subframe of Pcell according to the PDSCH to UL HARQ-ACK timing of the Pcell.

The DL HARQ-ACK timing for Pcell and Scell follows timing rule for TDD UL-DL configuration of Pcell and Scell in the case of self-scheduling, respectively.

The DL HARQ-ACK timing for Scell should support at least the following case in the case of cross-carrier scheduling (R1-120159):

· For case in which both Pcell and Scell have UL subframes at the timing for PUSCH transmission on scheduled cell:

· DL HARQ-ACK in response to a PUSCH on the Scell can be sent in the Pcell by following the PUSCH to DL HARQ-ACK timing applied in the Pcell

	Panasonic
	In our proposal, in a cell, UL-DL configuration indicated by SIB1(broadcasted) and UL-DL configuration indicated by dedicated signal can be different.

· For a UE of PCell regardless of cross-carrier scheduling, the PDSCH HARQ-ACK timing and the PUSCH scheduling/HARQ timing follow the PCell SIB1 indicated UL-DL configuration. 

· For a UE of SCell with non-cross-carrier scheduling, the PDSCH HARQ-ACK timing and the PUSCH scheduling/HARQ timing follow the dedicated signalled UL-DL configuration. This dedicated signalled UL-DL configuration can be different from the one indicated by SIB1 or the one indicated to other UEs in the same cell.

· For a UE of SCell with cross-carrier scheduling, the PDSCH HARQ-ACK timing and the PUSCH scheduling/HARQ timing follow the PCell SIB1 indicated UL-DL configuration.

Note that broadcasted TDD subframe configuration is located in TDD-Config. TDD-Config is located within SIB1 of RRC.

	Renesas
	The Pcell HARQ-ACK timing should keep unchanged. For Scell PUCCH timing for both same-carrier and cross-carrier scheduling, the reference TDD configuration X is the TDD configuration with the common/un-conflicted UL subframe of PCell SIB1 UL/DL configuration and SCell(s) SIB1 UL/DL configuration. For PHICH timing, the assumption is that partially disabling cross-carrier scheduling at the subframe level is supported for UL grant, then PHICH for the problematic UL subframe is in SCell and follow the corresponding SCell’s SIB1 UL/DL configuration.

	RIM
	Timing for PCell and SCell should be considered separately. PCell is always following its own timing. Scell timing can be optimized based on the scheduling method, i.e. cross-carrier scheduling and separate scheduling, and the UE capability, i.e. full duplex and half duplex. Refer to R1-120336.

	Sharp
	Maintain the same HARQ-ACK timing on PCell as in Rel-8/9/10, including PDSCH HARQ-ACK, PUSCH scheduling and PUSCH HARQ-ACK. SCell timing mapped to PCell allocations, e.g. by reusing existing mapping tables. For each PCell configuration, it is desirable to have a mapping table that is applicable to all TDD UL-DL configurations and combinations.

	NSN, Nokia
	Our basic preference is to define a UE-specific reference TDD configuration for each of the aggregated SCells, and apply the HARQ-ACK timing of the reference configuration to the corresponding SCell only. The reference configuration can be different from the SCell SIB-2 TDD configuration.


Responses were received from 11 companies. From the view expressed above, all companies agree to consider HARQ-ACK timing for PCell/SCell(s) separately.

For PCell, all companies expressed their view that PDSCH HARQ-ACK timing and the PUSCH scheduling/HARQ timing should follow the PCell SIB1 indicated UL-DL configuration regardless of self and cross-carrier scheduling. Then, 

Proposal 1:

· PDSCH HARQ-ACK timing and the PUSCH scheduling/HARQ timing of PCell should follow the PCell SIB1 indicated UL-DL configuration regardless of self and cross-carrier scheduling.
Open issue 1:

For SCell(s), PDSCH HARQ-ACK reference timing X and PUSCH scheduling/HARQ reference timing Y, companies’ views are divergent on the following open issues,

· X=Y or X, Y are separately indicated?

· Are X and Y implicitly derived or indicated by signaling? How are X and Y derived for the prior case?
· For self and cross-carrier scheduling, will X and Y be different or not?
· Are X and Y UE-specific or Cell-specific?
2.2.2 Downlink cross-carrier scheduling

If support of downlink cross-carrier (working assumption 2.1.1) can be confirmed, is DL Grant and PDSCH in multi-TTI/cross-subframe scheduling supported?
Note if multi-TTI/cross-subframe scheduling is not supported in downlink cross-carrier scheduling, not all the downlink subframes on SCell(s) can be schedule. 
Discussion/Company comments:
	Company
	Comments

	CATT
	Multi-TTI/cross-subframe scheduling is not supported in Rel-11.

	HW, HiSi
	For the downlink cross-carrier scheduling, we observed some positional issues could be raised when we design how to support multi-TTI/cross-subframe scheduling. Such as, how to introduce the DL-index to indicate the scheduled subframe, and the implicit PUCCH format 1a/1b resource is not be available for the corresponding PDSCH on the conflicted subframe on SCell.
Therefore, if we take implementation complexity and the specification effort into account, we prefer don’t cross-carrier schedule the SCell DL subframe when PCell is UL subframe in same TTI.

	IDCC
	The support of multi-TTI/cross-subframe scheduling would require a new DL scheduling timing to be defined, which may require significant effort and may not justify the resulting increase in the spectral efficiency of the SCell. For that reason, the multi-TTI/cross-subframe scheduling should not be supported in R11.

	Ericsson/

ST-Ericsson
	Similar view as CATT, i.e. DL cross-carrier cross-subframe scheduling is not supported and no new DL assignment timing is introduced in Rel-11.

	ZTE
	Cross-subframe PDSCH scheduling can be considered as a complementary mechanism when a cell is cross-scheduled by a cell with less DL subframes. Details can be FFS. One solution in our mind is to indicate the index of scheduled subframe via unused code points of CIF.

	Samsung
	Cross subframe DL scheduling should be supported to maximize the peak data rate for different TDD configuration combination for inter-band CA TDD.

	Panasonic
	We prefer not to support multi-TTI/cross-subframe scheduling in Rel.11 from complexity and time frame of the standardization reason.

	Renesas
	Multi-TTI/cross-subframe scheduling is not supported in Rel-11 since it will introduce considerable specification work and implementation complexity. We propose to use partial disabling of cross-carrier scheduling at the subframe level, i.e. for those problematic DL subframes, same-carrier scheduling is used and both DL grant and PDSCH will be carried in the same scheduled cell.

	RIM
	It is too early to make definite decision on multi-TTI/cross-TTI scheduling. Further study on the performance vs. complexity may be required to help on finalizing the decision.

	Sharp
	The cross-carrier scheduling should be limited to subframes where PCell and SCell have the same DL direction. Cross-TTI/cross-subframe scheduling should not be supported. In conflicting subframes, PCell direction should be given with higher priority.

	NSN, Nokia
	We slightly prefer to support multi-subframe DL scheduling in case of cross-carrier scheduling, in order to achieve DL peak data rate. The detail of multi-subframe DL scheduling is FFS, and it should be noted that multi-subframe UL scheduling is already defined in Rel-8 for TDD configuration 0.


Responses were received from 11 companies. From the view expressed above, the proposals are split into 3 different categories,

If downlink cross-carrier scheduling is supported

· DL Grant and PDSCH in multi-TTI/cross-subframe scheduling is supported
· Yes: ZTE, Samsung, NSN, Nokia
· DL Grant and PDSCH in multi-TTI/cross-subframe scheduling is not supported
· Yes: CATT, Huawei, Hisilicon, InterDigital, Ericsson, ST-Ericsson, Panasonic, Renesas, Sharp

· FFS
· Yes: RIM
Open issue 2:

· If downlink cross-carrier is supported, further discuss on the performance vs. complexity of whether DL Grant and PDSCH in multi-TTI/cross-subframe scheduling is supported or not.
2.2.3 Uplink cross-carrier scheduling

(a) For uplink, is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?
Working assumptions in RAN1#67 is that FFS support of other type of cross-carrier scheduling in Rel-11.

Discussion/Company comments:
	Company
	Comments

	CATT
	For the case of UL, PDCCH on a serving cell c in subframe n can schedule PUSCH on other serving cell(s) in subframe n+k, only if PDCCH on serving cell c in subframe n can schedule PUSCH on serving cell c in subframe n+k. In other words, the exact cross carrier scheduling as specified in Rel-10 is applicable.

	HW, HiSi
	Yes, both downlink and uplink cross-carrier scheduling should be supported for interference coordination on the DL control channels since Hetnet is considered as an important scenario to support in inter-band TDD CA with different configurations.

	IDCC
	Yes, UL cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations is supported.

	Ericsson/

ST-Ericsson
	UL cross-carrier scheduling is supported only when the required PHICH resources are carried by the scheduling cell already. Furthermore, no new PUSCH grant and HARQ-ACK timing is introduced in Rel-11.

	ZTE
	Yes, cross-carrier scheduling should be supported for both UL and DL.

	Samsung
	UL cross-carrier scheduling should be supported. Similarly with DL, the potential benefits are ICIC on PDCCH, efficient PDCCH resource utilization, and support of cross-carrier scheduling of Msg2 to enable random access on SCells.

	Panasonic
	Yes, the cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations is supported for uplink.

	Renesas
	Yes, UL cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations is supported

	RIM
	Yes, support UL cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations.

	Sharp
	Yes, cross-carrier scheduling may be supported and should be limited to subframes where PCell and SCell have the same UL direction. Non-cross-carrier scheduling with its own PUSCH scheduling and PHICH feedback should be the baseline.

	NSN, Nokia
	Yes. Besides, it is our preference that all UL subframes on all aggregated cells are schedulable in case of cross-carrier scheduling.


Responses were received from 11 companies. From the view expressed above, all companies agree to consider supporting uplink cross-carrier scheduling. Some companies propose to restrict the uplink cross-carrier scheduling, i.e., UL cross-carrier scheduling is supported only when the required PHICH resources are carried by the scheduling cell already. Furthermore, no new PUSCH grant and HARQ-ACK timing is introduced in Rel-11. And some companies propose that all UL subframes on all aggregated cells are schedulable in case of cross-carrier scheduling. Whether uplink cross-carrier scheduling should be restricted is part of question (b).
It is proposed that,

Proposal 2:

· For uplink, cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations is supported.
(b) If support of (a) is yes, then what is the mapping rule of UL Grant and PUSCH transmission?
Discussion/Company comments:
	Company
	Comments

	CATT
	The exact cross carrier scheduling as specified in Rel-10 is applicable

	HW, HiSi
	The scheduling timing of PCell is reused when the UL subframes on the PCell are the superset of SCell. Otherwise, it uses SCell’s own Rel-8/9/10 HARQ-ACK timing.

	IDCC
	The same principle used for DL HARQ-ACK timing can be also extended to the UL scheduling of the SCell. So we propose the following:
No new UL scheduling timing. Here “no new UL scheduling timing” means no new UL scheduling timing table beyond those already defined in Rel-8/9/10. The application of UL scheduling timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration is FFS.

	ZTE
	The scheduled cell’s PUSCH scheduling timing and HARQ timing follows the timeline corresponding to the UL heavier UL-DL configuration between scheduling cell and scheduled cell.

	Samsung
	In case Pcell has UL subframe as well in the timing of PUSCH transmission on Scell, it is proposed to apply the scheduling timing defined for the TDD UL-DL subframe configuration of Pcell. The other cases are discussed in R1-120160.

	Panasonic
	In our view, the mapping rule follows PCell since SCell(s) UL subframe is a subset of PCell UL.

	Renesas
	Partially disable cross-carrier scheduling at the subframe level is supported, i.e. for the problematic UL subframes, same-carrier scheduling is used for UL grant. Then scheduling timing and PHICH timing both follow the corresponding SCell SIB1 UL/DL configuration.

	RIM
	Our proposal is that,

1. PCell follows its own UL grant and UL HARQ timing relationship.

2. SCell UL grant and UL HARQ follow the timing of configuration with union set of UL subframes in PCell and SCell.

	Sharp
	Cross-carrier scheduling may be supported and should be limited to subframes where PCell and SCell have the same UL direction. The PUSCH scheduling and PUSCH HARQ-ACK timing should follow the scheduling cell.

	NSN, Nokia
	The solution for the UL cross-carrier scheduling timing should be similar to the solution for HARQ-ACK timing. Specifically, our basic preference is to define a UE-specific reference TDD configuration for each of the cross-carrier scheduled cells, and apply the UL scheduling timing of the reference configuration to the corresponding cross-carrier scheduled cells. The reference configuration can be different from the SIB-2 TDD configuration of the cross-carrier scheduled cell.


Responses were received from 10 companies. From the view expressed above, the proposals are quite divergent. 

Open issue 3:

· If uplink cross-carrier scheduling is supported, then continue discuss what the mapping rule of UL Grant and PUSCH transmission is.
2.2.4 TDD UL-DL configurations combinations

Are there any restrictions on which combinations of UL-DL configurations can be aggregated?

Discussion/Company comments:
	Company
	Comments

	CATT
	Restrictions not necessary with our preferences outlined in section 2.3

	HW, HiSi
	The limitation of the combinations could help to simplify the HARQ timing design. The restriction of configuration combination could limit to 3 special combinations (Config. 2+4, Config. 2+3 and Config. 1+3)

	IDCC
	It is too early to decide on the UL-DL configuration restrictions. Any restriction on TDD UL-DL configurations combinations is FFS (to be decided as part of the analysis of which scheduling and HARQ-ACK timing solutions to adopt).

	Ericsson/

ST-Ericsson
	Solutions requiring no restriction or special treatment on the combinations of TDD UL-DL configurations are preferred to simplify core specifications.

	ZTE
	Yes. Inter-band TDD DL CA and UL CA should be configured independently, and then it is possible to restrict the use of inter-band UL CA for some combinations independently where it is hard to well support cross-carrier UL scheduling by reusing timelines defined in R8 for the UL synchronous HARQ, e.g. {configuration 0, configuration1}. For DL CA, FFS whether any restriction on the combinations of UL-DL configuration is required to simplify the HARQ design.

	Samsung
	‘No restriction’ is fine.

	Panasonic
	We see two kinds of restriction of combinations of UL-DL configurations.

· In a UE, PCell UL-DL configuration and SCell UL-DL configuration(s)

· In a cell, UL-DL configurations indicated by SIB1 and UL-DL configuration(s) indicated dedicated manner.

The restriction of full duplex UE is dedicated SCell UL-DL configuration is equal or DL heavier than SIB1 indicated UL-DL configuration of PCell and of SCell.

The restriction of half duplex UE is dedicated SCell UL-DL configuration is same as SIB1 indicated UL-DL configuration of PCell.

	Renesas
	Solutions requiring no combination restriction should be prioritized unless such a solution will have large complexity or cannot be found.

	RIM
	For full duplex, no restriction is ok. For half duplex, it may require the restriction on combining of configurations with different switch periodicities due to different number of special subframes.

	Sharp
	No restriction is needed.

	NSN, Nokia
	Our preferred timing solution requires no restriction on the supported combinations.


Responses were received from 11 companies. From the view expressed above, the proposals are splitting into 3 different categories,

· TDD combination restrictions is not necessary

· Yes: CATT, Ericsson, ST-Ericsson,Samsung, Renesas, Sharp, NSN, Nokia
· TDD combination restrictions is necessary

· Yes: Huawei, Hisilicon, , ZTE, Panasonic, RIM
· FFS
· Yes: InterDigital
Open issue 4
Any restriction on TDD UL-DL configurations combinations is FFS
Are more than two UL-DL configurations among aggregated cells supported?
Supporting of more than two UL-DL configurations depends on whether a common solution could be applied for all. And this common solution should be focused on two UL-DL configurations.

Discussion/Company comments:
	Company
	Comments

	CATT
	More than two UL-DL configurations among aggregated cells can be supported with our preferences outlined in section 2.3.

	HW, HiSi
	The methods which are discussed in the previous section for cross-carrier and non cross-carrier scheduling could be extend to the case with more than 2 different UL-DL configurations. The HARQ timing of the PCell does not change. If more than one SCells are implemented in the system, each SCell could follow the above scheme to decide the its HARQ timing.

	IDCC
	More than two UL-DL configurations among aggregated cells can be supported. Considering our preferred approach in Section 2.3., any solution proposed for a system with two aggregated cells would be also applicable to the case of supporting more than two cells. Therefore, no extra effort is required to support more than two aggregated cells.

	Ericsson/

ST-Ericsson
	In our understanding, support of more than two UL-DL configurations was concluded in RAN1#67 as listed in the above. To avoid a diverge solutions in for the case of more then two UL-DL configuration compared to the case of two UL-DL configurations our preference is that the design is not limited to two.

	ZTE
	At least for UEs in half-duplex operation mode, aggregation of cells with more than two UL-DL configurations is not supported because scheduling based solution to achieve half-duplex operation would be very complicated. For full duplex operation mode, whether the solution with focus on 2 UL-DL configurations can be applicable to the case of aggregating cells with more than two UL-DL configurations without any special treatment/extra scheduling complexity should be carefully studied.

	Samsung
	As conclude in RAN1#67, common solutions focusing on 2 configuration case should be supported.

	Panasonic
	We prefer a common solution between up to two and more than two UL-DL configurations. Our proposal can support it.

	Renesas
	Solutions in RAN1 should agnostic to the number of different UL/DL configurations, that is more than two UL/DL configurations among aggregated cells are supported.

	RIM
	No restriction on number of configurations among aggregated cells supported.

	Sharp
	Yes, support more than two UL-DL configurations among aggregated cells. No restriction on number of configurations.

	NSN, Nokia
	Our preferred timing solution requires no restriction on the number of aggregated TDD configurations.


Responses were received from 11 companies. From the view expressed above, the proposal is as follows,

Proposal 3: 
· More than two UL-DL configurations among aggregated cells can be supported.
2.2.5 Simultaneous Tx/Rx
Which one should be optimized?
· Option 1: both full duplex and half fuplex
· Option 2: only full duplex
According to the conclusion in RAN1#67, RAN1 solution should support both full-duplex and half-duplex. RAN1 should strive for a common solution for both full-duplex and half-duplex. It is naturally full duplex can enjoy all observed benefits. But for half duplex UE, it depends on RAN1 specification. It may be able to enjoy some of the benefits. Whether RAN1 should optimize for half duplex UE gives guidance to specification work.
Discussion/Company comments:
	Company
	Comments

	CATT
	The solution shall consider the tradeoff between specification/implementation complexity and achievable peak DL/UL data rate.

	HW, HiSi
	For FDD half-duplex, the scheduling-based solution is available in Rel-8. For half duplex UEs with inter-band TDD CA, the scheduling based solution could also be adopted to select the subframe direction on the conflicted subframe.

We propose to design the system aim to the full duplex (option 2) due to full duplex UE could enjoy the benefit of fully utilizes the resource and enhanced the peak date rate. The HARQ design of half duplex UE should reuse the HARQ timing design for full duplex, and based on scheduling-based solution to limited specification impact and effort.

	IDCC
	Agree with Huawei. The priority should be TDD full-duplex operation.

	Ericsson/

ST-Ericsson
	Half-duplex UEs can be supported with scheduling solutions with minimal impact to the core specifications. Therefore, we do not see a strong need to make explicit prioritization between the two types of UEs. Rather, the design should be based on overall complexity/cost and performance tradeoff for Rel-11 eNB and UE implementation.

	ZTE
	According to the conclusion in RAN1#67, currently our view is that scheduling & HARQ timing solution design should focus on full-duplex operation trying to fully exploit the benefit of inter-band CA with different UL-DL configuration. And then half-duplex operation can conform to the solution designed for full-duplex operation mode by adopting necessary scheduling restriction.

	Samsung
	As discussed in RAN1#67, scheduling-based solution is available to support half-duplex FDD UEs from Rel-8. Similarly, half duplex UEs for Rel-11 TDD CA can be handled by scheduling-based solution. Therefore, Option 2 is preferred.

	Panasonic
	As described before, for half duplex UE, dedicated SCell UL-DL configuration is same as SIB1 indicated UL-DL configuration of PCell. Then there is no opportunity of simultaneous Tx/Rx in the UE.

	Renesas
	The solution should be common for both half duplex and full duplex mode, and should consider the tradeoff between overall complexity and achievable performance. Based on this, the optimization is for both half duplex and full duplex mode.

	Sharp
	The design should be optimized for full duplex. Half-duplex is a subset of full-duplex and can be achieved by eNB scheduling.

	NSN, Nokia
	Half duplex UEs cannot obtain all the benefits from inter-band CA with different TDD configurations on different bands, and thus should not be the optimization target. We prefer to specify the scheduling constraints for half duplex UEs to avoid complicating eNB scheduler. It should be noted that our preferred timing solution can be applied to half duplex UEs as well.


Responses were received from 10 companies. From the view expressed above, the proposals are splitting into 3 different categories,

· Option 1
· Yes: Renesas, 
· Option 2
· Yes: Huawei, Hisilicon, InterDigital, ZTE, Samsung, Sharp, NSN, Nokia
· FFS
· Yes: CATT, Ericsson, ST-Ericsson, Panasonic
Since half-duplex UEs can be supported with scheduling restriction. It will have less specification impact. Continue discussing by assuming UE can Tx/Rx simultaneously.
Proposals 4:

· For simultaneous Tx/Rx,

· Option 1: RAN1 design assuming UE can Tx/Rx simultaneously. Half-duplex UEs can also be supported with scheduling restriction.
· Option 2: Continue discussion based on overall complexity/cost and performance tradeoff for Rel-11 eNB and UE implementation.
2.3 General description of proposals
Companies can generally describe their respective proposals, i.e. the corresponding UE behaviors according to the proposal. This section could also include some analysis (e.g. on performance, specification impact, etc.) of the proposal in support of different UE types (e.g. full duplex vs. half duplex UE, UL CA vs. UL non-CA UE)
Discussion/Company comments:

	Company
	Comments

	CATT
	Our preference is to specify only the following for TDD inter-band CA with different UL-DL configurations:

· The PDSCH HARQ timing on all serving cells shall follow the PCell SIB2 configuration.

· The PUSCH HARQ/scheduling timing on the serving cell where PUSCH is transmitted shall follow the SIB2 configuration of the serving cell where the corresponding UL grant is sent.
The main drawback of the above approach is that lower DL peak data rate is achievable for full duplex UEs if PCell SIB2 configuration is UL heavier than SCell SIB2 configuration and lower peak UL data rate is achievable for full duplex UEs with cross carrier scheduling if SCell SIB2 configuration is UL heavier than PCell SIB2 configuration.

The main benefit of the above approach is that minimal specification changes are required. The UE can still perform carrier aggregation in subframes where the transmission direction is the same on different bands to achieve higher DL or UL peak data rate.

	HW, HiSi
	The HARQ timing (scheduling timing, HARQ-ACK timing and PHICH timing) of PCell does not need to change since both PDCCH and ACK/NAK feedback transmit on the PCell only.
The HARQ timing of SCell could follow PCell’s timing when it cannot find the proper subframe to transmit the PDCCH or ACK/NAK signaling on PCell if following SCell’s own timing.

The above HARQ timing design, which was described in section2.2.1.-2.2.3, aims to enhance resource utilization for full duplex UE. The half-duplex UE can work the same way with the scheduling-based solution. And this method could be extended easily to more than 2 serving cells. In the same time, the complexity was also taken into account especially for cross-carrier scheduling.
More detailed discussion can be found in R1-120017 and R1-120018.

	IDCC
	If any of those four PCell processes (i.e., UL/DL scheduling and HARQ-ACK) follows a TDD UL-DL configuration different than that of the PCell’s, then there would be potential problems for 1) support of non-CA legacy UEs, 2) PCell operation during SCell activation/deactivation, 3) inefficient PCell operation, and etc. For that reason the following is proposed: 

PCell UL-DL scheduling and HARQ-ACK timing always follow those of the PCell’s TDD UL-DL configuration.

Furthermore, if the PCell operation is not modified, then for scenarios where there is more than one SCell, the operation of each SCell may be configured separately by just considering that SCell TDD UL-DL configuration and the PCell TDD UL-DL configuration. This means that TDD UL-DL configurations of different SCells may not impact each other’s operation. As a result, any solution proposed for a system with two aggregated cells can be extended to the case of supporting more than two cells.

	Ericsson/

ST-Ericsson
	Based on PDSCH scheduling performance and complexity tradeoff analysis, a UE can (be configured to) apply HARQ timings according to a reference configuration number to a serving cell. PUSCH cross-carrier scheduling is supported only when the required PHICH resources are carried by the scheduling cell already and without introducing new PUSCH grant and HARQ-ACK timing beyond those already defined in Rel-10.

Half-duplex UEs can be supported with scheduling solutions with minimal impact to the core specifications. It should be specified that, in a subframe with conflicting UL-DL directions on different aggregated cells, a half-duplex UE in Active Time (none DRX) shall monitor DL scheduling if it has not been instructed to perform UL transmission on any cell.

For more details please see our two contributions on this agenda point R1-120070 and R1-1270072.

	ZTE
	Our proposals are given in section 2.2. For full duplex operation, resources can be almost fully scheduled in either cross-carrier scheduling case or self-scheduling case without the need of new HARQ timeline beyond those defined in R8, with the proposed timing solution. Scheduling based solution can support half-duplex operation. The required specification work is also to specify which UL-DL configuration among aggregated cells is selected as the timeline reference. With additional cross-subframe scheduling, DL peak date rate can be further optimized for full-duplex operation. More details can be found in R1-120283.

	Samsung
	As for UL HARQ-ACK timing rule, the case in which both Pcell and Scell have DL subframes at the timing of PDSCH transmission on Scell is dominant and UL HARQ-ACK timing rule for UL-DL configuration of Pcell apply for this case. The details are in R1-120158. As for DL HARQ-ACK timing rule, the case in which both Pcell and Scell have UL subframes at the timing of PUSCH transmission on Scell is in the majority and DL HARQ-ACK timing rule for UL-DL configuration of Pcell apply for this case. The details are in R1-120159. 

For PUSCH cross-carrier scheduling, in case Pcell has UL subframe as well in the timing of PUSCH transmission on Scell, it is proposed to apply the scheduling timing defined for the TDD UL-DL subframe configuration of Pcell. (R1-120160). All these HARQ-ACK timing and scheduling timing have the advantage of less complexity and less standardization efforts. How to support the other cases are discussed in detail in each contribution.

	Panasonic
	Although we described our proposal in corresponding questions, our proposal is following.

In a cell, UL-DL configuration indicated by SIB1(broadcasted) and UL-DL configuration indicated by dedicated signal to UE(s) can be different.

For full duplex UE, dedicated SCell UL-DL configuration is equal or DL heavier than SIB1 indicated UL-DL configuration of PCell and of SCell.

For half duplex UE, dedicated SCell UL-DL configuration is same as SIB1 indicated UL-DL configuration of PCell.

	Renesas
	The Pcell HARQ-ACK timing should be kept unchanged since PUCCH is on PCell only and there is no cross-carrier scheduling for PCell. 
For Scell PUCCH timing for both same-carrier and cross-carrier scheduling, the reference TDD configuration X is the TDD configuration with the common/un-conflict UL subframe of PCell SIB1 UL/DL configuration and SCell(s) SIB1 UL/DL configuration. 
For scheduling timing, i.e. DL grant and UL grant timing, we propose to use partially disabling of cross-carrier scheduling in subframe level, i.e. for the problematic DL/UL subframes, same-carrier scheduling is used and DL/UL grant will be carried in the corresponding scheduled cell.
For PHICH timing, based on the above assumption to partially disabling of cross-carrier scheduling at the subframe level is supported for UL grant, PHICH for problematic UL subframe is in the corresponding scheduled SCell and follow the corresponding SCell’s SIB1 UL/DL configuration.

More detailed discussion can be found in R1-120370.

	RIM
	Our proposal is as follows,

For full duplex, PCell follows its own UL grant and UL HARQ timing relationship

For full duplex, SCell UL grant and UL HARQ follow the timing of configuration with union set of UL subframe in CCs
For full duplex, alternately, SCell UL grant and UL HARQ follow its own UL/DL configuration timing relationship

For half duplex, restrict CA UL/DL configuration combination within the same switch periodicity

For half duplex, during conflicting subframes, go with the direction of PCell subframe

For half duplex, PCell UL grant and UL HARQ timing applies to all CCs

Refer to R1-120336 for more detail.

	Sharp
	Due to the importance of PCell, PCell UL-DL scheduling and HARQ-ACK timing should be preserved the same as Rel-8/9/10 follow its own TDD UL-DL configuration. SCell timing should follow PCell whenever possible. The cross-carrier scheduling should be limited to non-conflict subframes where PCell and SCell have the same directions following the PCell scheduling timing. 

No limitation on the number of bands and combinations of TDD UL-DL configurationsFor the PDSCH HARQ-ACK reporting, a mapping table can be derived for each PCell configuration. The mapping table includes all existing PCell association mappings and is applicable to all TDD UL-DL configurations and combinations. 
The system design should be optimizaed for full-duplex. Half-duplex can be achieved by eNB scheduling. In half-duplex case, give higher priority to PCell configuration in conflicting subframes.

	NSN, Nokia
	We prefer a clean solution for the timing issue.

· For PDSCH HARQ-ACK timing, our preferred solution is to associate a reference TDD configuration (preferably indicated via higher layer) to each SCell, and apply the mapping rule of the reference configuration to the corresponding SCell. 

· Similar principle can be used to develop the solution for UL cross-carrier scheduling timing (UL grant and PUSCH HARQ-ACK). A reference TDD configuration (preferably indicated via higher layer) is associated with each cross-carrier scheduled cell, and the mapping rule of the reference configuration is applied to the corresponding cross-carrier scheduled cell.

We prefer to have full support for cross-carrier scheduling so that all resources can be used by a full duplex UE.

· We slightly prefer to introduce multi-subframe scheduling for DL cross-carrier scheduling.  

We prefer a simple and robust half duplex operation as it is anyway not the design target.

· The transmission direction of PCell should always be prioritized in conflicting subframes, and PCell TDD configuration should be the reference configuration for both PDSCH HARQ-ACK timing and UL cross-carrier scheduling timing. There is no need for multi-subframe scheduling for half duplex operation.

It should be noted that our preferred solution is a common solution for half and full duplex operation, and requires no limitation on the combination of aggregated TDD configurations.


Responses were received from 11 companies. Common understanding from most companies is that the cross-carrier scheduling should be supported. Moreover, the HARQ-ACK and scheduling timing of PCell should not be changed considering potential problem. It is still quite divergent on HARQ-ACK and scheduling timing of SCell. The details are from contributions listed in the reference.
3 Conclusion

The following agreement are proposed based on the confirmation of working assumption from last meeting,
Proposed agreement 1: 
· For downlink, cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations is supported.
Proposed agreement 2:
· No new HARQ-ACK timing tables beyond those are already defined in Rel-8/9/10. 
Proposed agreement 3:
· For PUCCH transmission, PUCCH is on PCell-only.
The following proposals are identified in the email discussion

Proposal 1:

· PDSCH HARQ-ACK timing and the PUSCH scheduling/HARQ timing of PCell should follow the PCell SIB1 indicated UL-DL configuration regardless of self and cross-carrier scheduling.
Proposal 2:

· For uplink, cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations is supported.
Proposal 3: 
· More than two UL-DL configurations among aggregated cells can be supported.
Proposals 4:

· For simultaneous Tx/Rx,

· Option 1: RAN1 design assuming UE can Tx/Rx simultaneously. Half-duplex UEs can also be supported with scheduling restriction.
· Option 2: Continue discussion based on overall complexity/cost and performance tradeoff for Rel-11 eNB and UE implementation.
The following open issues are proposed to continue discussion

Open issue 1:

For SCell(s), PDSCH HARQ-ACK reference timing X and PUSCH scheduling/HARQ reference timing Y, companies’ views are divergent on the following open issues,

· X=Y or X, Y are separately indicated?

· Are X and Y implicitly derived or indicated by signaling? How are X and Y derived for the prior case?
· For self and cross-carrier scheduling, will X and Y be different or not?
· Are X and Y UE-specific or Cell-specific?
Open issue 2:

· If downlink cross-carrier is supported, further discuss on the performance vs. complexity of whether DL Grant and PDSCH in multi-TTI/cross-subframe scheduling is supported or not.
Open issue 3:

· If uplink cross-carrier scheduling is supported, then continue discuss what the mapping rule of UL Grant and PUSCH transmission is.
Open issue 4
· Any restriction on TDD UL-DL configurations combinations is FFS
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