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1 Introduction

In RAN1#67, many agreements and working assumptions were made as shown below [1].
· 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 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

· 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.

· 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

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

· 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
· For additional open issues identified in R1-114191, continue email discussion until RAN1#68 meeting.
In this contribution, we provide our views on additional open issues identified in R1-114191 [2].
2 Discussion
2.1 Open Issue 5[2]: HARQ timing rules
Regarding the HARQ timing rules, some companies proposed to apply HARQ-ACK timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration. The motivation of this scheme is to fully utilize downlink subframes and achieve higher peak rate, which is the main motivation of carrier aggregation itself. 
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Fig.1 Examples of the combination of UL-DL configurations 1 and 2
Fig.1 shows multiple options of a combination of TDD UL-DL configurations 1 and 2. Although these are only the combination of configuration 1 and 2, we think these can be used as a generic case of the discussion. Arrows show linkages between DL assignment (PDSCH) reception and HARQ-ACK transmission for each UL-DL configuration. 
Option (a) describes Rel-8 HARQ-ACK timing rule of configurations 1 and 2. Options (b)-(g) are for inter-band CA half duplex UEs. Note that PUCCH transmission only on PCell will be discussed later in Section 2.2.
Options (b) and (c) describe that either UL-DL configuration 1 or 2 is always prioritized. There can be a medium option between options (b) and (c) by determining a communication direction dynamically, but we’d like to simplify the discussion here then options (b) and (c) are represented. Red cross marks describe the de-prioritized communication direction in a subframe with a UL-DL configuration. Hence in the subframe with another UL-DL configuration, the direction is always opposite. Blue cross marks describe DL subframes which cannot be used for DL assignment (PDSCH) or UL grant reception because the corresponding UL subframe is de-prioritized.

Options (d) and (e) describe to apply HARQ-ACK timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration.

Note that both options (c) and (e) de-prioritize UL subframes, but there are no blue cross marks in option (e). It means DL subframe is more utilized and higher DL peak data rate is achieved in option (e) than option (c). On the other hand, the blue cross marks can be seen in option (d) while no blue cross marks in option (b).

From the above observation, to achieve higher DL peak rate, the scheme for half duplex UEs is based on a mixed option of option (b), which is “to de-prioritize DL subframes in DL heavier UL-DL configuration” and option (e), which is “to refer HARQ-ACK timing of DL heavier UL-DL configuration in UL heavier UL-DL configuration, which de-prioritizes UL subframes”. 
Even with a mix of options (b) and (e), some red cross marks can still be seen. This means some subframes are not still utilized from per UE perspective. Hence the highest peak rate is not still achieved.

So we prefer in stead of using options (b) and (e), options (f) and (g) are used for half duplex UEs. Then all subframes can be utilized for half duplex UEs from per UE perspective and the highest peak rate is achieved.

In this scheme as shown in Fig.2, UL-DL configuration is UE specific. It would be difficult to have UE specific UL-DL configuration for PCell since it is indicated by cell specific SIB1 configuration. On the other hand it is possible to have different UE specific UL-DL configuration for SCell since it is indicated by RRC dedicated signalling. 
It means that eNB has one SIB1 indicating UL-DL configuration and one or more RRC indicating UL-DL configurations which can be different from the SIB1 indicating UL-DL configuration on a cell, and UE has one UL-DL configuration which is indicated by SIB1 or RRC depending on the cell which the UE thinks as a PCell or an SCell.
Option (f) means that the UE uses SIB1 indicated UL-DL configuration 1 for PCell and the UE uses RRC indicated UL-DL configuration 1 for SCell, while different UL-DL configuration may be indicated by SIB1 on the cell which the UE thinks as the SCell. Option (g) means that the UE uses SIB1 indicated UL-DL configuration 2 for PCell and the UE uses RRC indicated UL-DL configuration 2 for SCell, while different UL-DL configuration may be indicated by SIB1 on the cell which the UE thinks as the SCell.
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Fig.2 Example of Cell specific and UE specific UL-DL configurations

Proposal 1: eNB should have one or more RRC indicating UL-DL configurations which can be different from SIB1 indicating UL-DL configuration on a cell for the highest peak rate from a half duplex UE perspective.
2.2 Open Issue 4: Limitation of combinations of UL-DL configurations
We have three issues related to the combinations of UL-DL configurations; 

(1) PUCCH cannot be transmitted on PCell (when PCell is DL and SCell is UL in a UE), 

(2) CRS measurement is incurred (when SIB1 indicated UL-DL configuration is DL and RRC indicated UL-DL configuration is UL on a cell, or when SIB1 indicated UL-DL configuration is DL and RRC indicated UL-DL configuration is Special on a cell), and 

(3) Overlapped subframe (when PCell is DL and SCell is UL, or PCell is UL and SCell is DL only in a half duplex UE).

Regarding (2), legacy UEs use the SIB1 indicated UL-DL configuration on a cell which they think as PCell. On the other hand Rel-11 inter-band CA UEs use the RRC indicated UL-DL configuration on the cell which they think as SCell. 
If eNB uses a subframe as an UL subframe where a DL subframe is indicated to the legacy UEs and an UL subframe is indicated to the Rel-11 inter-band CA UEs, the CRS measurement for mobility in the legacy UEs is incurred by the UL transmission from the Rel-11 inter-band CA UEs. A similar issue occurs when eNB uses a subframe as a special subframe where a DL subframe is indicated to the legacy UEs and a special subframe is indicated to the Rel-11 inter-band CA UEs.
The issues (1), (2) and (3) mean there are two kinds of relation of UL-DL configurations; one is UL-DL configurations between PCell and SCell in a UE, the other is UL-DL configurations between SIB1 and RRC indicated ones in a cell.
To solve issues (1) and (2) for full duplex UEs, option (a) should be used when UL-DL configuration 1 is used for PCell and option (g) should be used when UL-DL configuration 2 is used for PCell. This means that RRC indicated UL-DL configuration for SCell always follows the DL heavier UL-DL configuration between the SIB1 indicated UL-DL configurations for PCell and SCell, or the DL heavier UL-DL configuration than both the SIB1 indicated UL-DL configurations for PCell and SCell.
Table 1 shows allowed RRC indicated UL-DL configuration for SCell for full duplex UEs. It depends on SIB1 indicated UL-DL configuration on PCell and SCell.

Note that the UEs may not know the SIB1 indicated UL-DL configuration on SCell. Hence this limitation will be imposed only on eNB side. Only the limitation the UEs can recognize is that RRC indicated UL-DL configuration on SCell is always DL heavier than SIB1 indicated UL-DL configuration on PCell.
Table 1 Limitation of combinations of UL-DL configurations for full duplex UEs (Proposal 2)
	SIB1 indicated UL-DL 
configuration#  on PCell
	SIB1 indicated UL-DL configuration# on SCell

	
	0
	1
	2
	3
	4
	5
	6

	0
	0-6
	1, 2, 4, 5
	2, 5
	3-5
	4, 5
	5
	1-6

	1
	1, 2, 4, 5
	1, 2, 4, 5
	2, 5
	4, 5
	4, 5
	5
	1, 2, 4, 5

	2
	2, 5
	2, 5
	2, 5
	5
	5
	5
	2, 5

	3
	3-5
	4, 5
	5
	3-5
	4, 5
	5
	3, 5

	4
	4, 5
	4, 5
	5
	4, 5
	4, 5
	5
	4, 5

	5
	5
	5
	5
	5
	5
	5
	5

	6
	1-6
	1, 2, 4, 5
	2, 5
	3-5
	4, 5
	5
	1-6


Proposal 2: RRC indicated UL-DL configuration for SCell should be the DL heavier UL-DL configuration between the SIB1 indicated UL-DL configurations for PCell and SCell, or the DL heavier UL-DL configuration than both SIB1 indicated UL-DL configurations for PCell and SCell.

To solve issues (1) and (3) for half duplex UEs when options (f) and (g) are used, RRC indicated UL-DL configuration for SCell should be the same as the SIB1 indicated UL-DL configuration for PCell. Regarding the issue (2), it only occurs on SCell UL subframe for Rel-11 UEs. The UE capability “half duplex, multiple UL” may be precluded, then there will be no possibility of SCell UL transmission by half duplex UEs any more. 
Table 2 shows allowed RRC indicated UL-DL configuration for SCell for half duplex UEs. It is dependent only on SIB1 indicated UL-DL configuration on PCell.

Table 2 Limitation of combinations of UL-DL configurations for half duplex UEs (Proposal 3)
	SIB1 indicated UL-DL 
configuration#  on PCell
	Allowed RRC indicated 
UL-DL configuration# on SCell

	0
	0

	1
	1

	2
	2

	3
	3

	4
	4

	5
	5

	6
	6


Fig.3 shows the behaviour of our proposal in case of combination of TDD UL-DL configurations 1 and 2. No red or blue cross marks are seen, hence there are no de-prioritized subframes for half duplex UEs in our proposal. 
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Fig.3 Examples of a combination of UL-DL configurations 1 and 2 (Proposal 2 and Proposal 3)

If half duplex UEs do not need to enjoy the benefit of CA (i.e. higher peak rate) as much as full duplex UEs do, the issue (3) does not need to be solved by the limitation of combinations of UL-DL configurations. In this case, only the issue (1) should be solved, then only the limitation for half duplex UEs will be that RRC indicated UL-DL configuration on SCell is always DL heavier than SIB1 indicated UL-DL configuration on PCell. 

But note that the issue (3) which is typical to half duplex UEs should be solved by other means and it might lead to reversion of the working assumption in RAN1#67, which is; Strive for a common solution for both full-duplex and half-duplex.
Proposal 3: RRC indicated UL-DL configuration for SCell should be the same as the SIB1 indicated UL-DL configuration for PCell for half duplex UEs.

Observation 1: the CRS measurement issue is solved if half duplex UE does not always support UL transmission on SCell.

2.3 Open Issue 8: UE Capabilities
As discussed in [3], four types of UE capabilities are listed, which are;

(i) Half duplex, PCell only UL,

(ii) Half duplex, both PCell and SCell UL,
(iii) Full duplex, PCell only UL, and

(iv) Full duplex, both PCell and SCell UL
The UE capability (i) is for low-end UEs. The UE capability (iv) is for high-end UEs. Between these UE capabilities, the UE capabilities (ii) and (iii) are for middle-end UEs. 

According to the discussion in Section 2.2, the UE capability (ii) has the problem of the CRS measurement.

Therefore, we propose to support UE capabilities (i) and (iv). We propose not to support (ii). We don't have a specific view on (iii). 
Proposal 4: The UE capabilities “Half duplex, PCell only UL” and “Full duplex, both PCell and SCell UL” should be supported.

Proposal 5: The UE capabilities “Half duplex, both PCell and SCell UL” should not be supported.
3 Conclusion 
In this contribution, we provided our views on additional open issues identified in R1-114191.

On Open Issue 5: HARQ timing rules,

Proposal 1: eNB should have one or more RRC indicating UL-DL configurations which can be different from SIB1 indicating UL-DL configuration on a cell for the highest peak rate from a half duplex UE perspective.
On Open Issue 4: Limitation of combinations of UL-DL configurations,
Proposal 2: RRC indicated UL-DL configuration for SCell should be the DL heavier UL-DL configuration between the SIB1 indicated UL-DL configurations for PCell and SCell, or the DL heavier UL-DL configuration than both SIB1 indicated UL-DL configurations for PCell and SCell.

Proposal 3: RRC indicated UL-DL configuration for SCell should be the same as the SIB1 indicated UL-DL configuration for PCell for half duplex UEs.

On Open Issue 8: UE capabilities,

Proposal 4: The UE capabilities “Half duplex, PCell only UL” and “Full duplex, both PCell and SCell UL” should be supported.

Proposal 5: The UE capabilities “Half duplex, both PCell and SCell UL” should not be supported.
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