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1. Introduction

Upon the completion of 3GPP RAN1#75, the following issues are left FFS for email discussion or in the coming meeting.

· Supported PUCCH format(s) for eIMTA enabled UEs and for the supported PUCCH format(s), the corresponding design details. Potential PUCCH formats include:

· ACK/NAK bundling

· PUCCH format 1b with channel selection

· PUCCH format 3

· Whether or not to standardize solutions resolving PUCCH resource collision issues, and if so, detailed solutions

· HARQ-ACK on PUSCH related issues (e.g., DAI handling, ACK/NAK payload size, etc.)

· For UEs configured with eIMTA and CA, how to handle the case when two or more CCs have different HARQ reference configurations for both DL and UL

In this contribution, we share our views on above pending issues.
2. PUCCH format
Three PUCCH formats are already supported in Rel-10 for TDD. We think all the three PUCCH formats should also be supported for eIMTA-enabled UE. 
· When DL HARQ reference configuration is configuration #2 or #4, PUCCH format 1b with channel selection can achieve good trade-off between performance and PUCCH overhead and no specification effort is needed; 
· When DL HARQ reference configuration is configuration #5, HARQ-ACK bundling is useful as proved by the current specification. And HARQ-ACK bundling may be the only feedback mode that can be configured if the eIMTA UE is not CA capable. 
· If DL throughput performance loss becomes a concern when spatial or time-domain bundling is applied, PUCCH format 3 can be configured for HARQ-ACK feedback for a CA-capable & eIMTA-enabled UE, especially in case DL reference configuration is configuration #5.
Therefore, we think it is more appropriate to leave the choice of three features to eNB implementation, rather than to determine by specification which already-existing feature is not supported in TDD eIMTA.
3. PUCCH resource collision
Because the legacy UEs and the eIMTA UEs follow different TDD UL-DL configuration reference to derive the PUCCH resource in case HARQ-ACK bundling or PUCCH format 1b with channel selection is used for HARQ-ACK feedback, the PUCCH format 1a/1b resource collision could happen. Quite a few candidate solutions are proposed to solve this problem [1]~[10].
· Alt-1: Introduce some PDCCH scheduling restrictions for the eNodeB [1][10].

· Alt-2: Separate PUCCH resource regions for legacy UEs and eIMTA-enabled UEs.[1]

 REF _Ref370826727 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref370826728 \r \h 
 \* MERGEFORMAT [3]

 REF _Ref370826729 \r \h 
 \* MERGEFORMAT [4]

 REF _Ref370826732 \r \h 
 \* MERGEFORMAT [5]

 REF _Ref370826733 \r \h 
 \* MERGEFORMAT [7]

 REF _Ref370826735 \r \h 
 \* MERGEFORMAT [9]

 REF _Ref370826716 \r \h 
 \* MERGEFORMAT [10]
· Alt-3: New PUCCH resource reservation rule for eIMTA-enabled UEs.

· Alt 3-1: Higher layer signaling assisted PUCCH resource reservation [1].
· Alt 3-2: For DL subframes being common within the bundling windows of legacy UEs and eIMTA-enabled UEs, PUCCH resource regions are reserved according to Rel-8 mapping rule to keep the backward compatibility. For the remaining DL subframes within the bundling window for eIMTA-enabled UEs, new PUCCH resource regions are defined which are interleaved as in Rel-8 and are located next to the legacy PUCCH resource regions [1]

 REF _Ref370826727 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref370826728 \r \h 
 \* MERGEFORMAT [3]

 REF _Ref370826729 \r \h 
 \* MERGEFORMAT [4]

 REF _Ref370826732 \r \h 
 \* MERGEFORMAT [5]

 REF _Ref370826733 \r \h 
 \* MERGEFORMAT [7]. 
· Alt 3-3: Legacy PUCCH resources used, when available in right timing, and separation of fixed DL subframes and flexible subframes.[3]

 REF _Ref370826729 \r \h 
 \* MERGEFORMAT [4]

 REF _Ref370826897 \r \h 
 \* MERGEFORMAT [6].
· Alt-4: The PUCCH resources for eIMTA-capable UEs are explicitly configured to fixed values via RRC signaling
· Alt 4-1: All the PUCCH resource for eIMTA-capable UEs are explicitly configured [2]

 REF _Ref370826735 \r \h 
 \* MERGEFORMAT [9].
· Alt 4-2: Explicit PUCCH resources could be applied only for those potential DL subframes that are not common between two HARQ-ACK bundling windows [2]

 REF _Ref370826728 \r \h 
 \* MERGEFORMAT [3]

 REF _Ref370826897 \r \h 
 \* MERGEFORMAT [6]

 REF _Ref370826733 \r \h 
 \* MERGEFORMAT [7]

 REF _Ref370826735 \r \h 
 \* MERGEFORMAT [9].

Among all the candidate solutions, Alt-2 is the simplest, while it also introduces the largest resource overhead because it reserves double PUCCH resource for the DL subframes that are common within the bundling windows for both legacy UEs and eIMTA-enabled UEs. As the number of common DL subframes increases, the unnecessary reserved PUCCH resource increases accordingly. However, when PUCCH format 1b with channel selection is applied, there is only one common DL subframe for most cases as shown in Table-1. Therefore, the overhead issue of Alt-2 may not be so serious.
Table 1 Number of common DL subframes within two bundling windows.
	UL reference configuration (SIB-1)
	DL reference configuration
	(N1,N2,N3)


	0
	2
	(4,1,1)

	1
	2
	(4,2,1)

	6
	2
	(4,1,1)

	0
	4
	(4,1,0)

	1
	4
	(4,2,1)

	6
	4
	(4,1,1)

	3
	4
	(4,3,1),(4,2,2)


If the PUCCH resource overhead is agreed to be large, Alt-3 can also be considered. Among the three candidates in Alt-3, the standard effort for Alt 3-2 is the smallest and the block interleaving mapping scheme can be reused as much as possible. 
Therefore, Alt-2 and Alt 3-2 can be selected for further study.

4. HARQ-ACK transmission on PUSCH
The RAN1 email discussion about HARQ-ACK transmission on PUSCH includes the following two issues:

· Discuss whether to use UL DAI or UL index in DCI format 0 and 4, when UL-DL configuration 0 is configured in as UL reference configuration.
· Discuss HARQ-ACK feedback on PUSCH, when UL scheduling grant is transmitted earlier than the latest DL subframe within the bundling window, since UL DAI cannot indicate the total number of the subframes with PDSCH transmissions and with PDCCH/EPDCCH indicating downlink SPS release within the bundling window.

For the first question, we think UL index should be used in DCI format 0/4 when UL-DL configuration 0 is configured as UL reference configuration. In the current specification, UL index is used to determine which UL subframe(s) to be scheduled in the corresponding DCI format 0/4 when UL-DL configuration 0 is configured. This should continue to be the case for eIMTA-enabled UE, because otherwise additional specification effort is needed, and some UL subframe(s) may not be scheduled in the absence of UL index. On the other hand, “dynamic” interpretation between the UL index and DAI field based on the run-time reconfiguration DCI could create ambiguity between UE and eNB, when the reconfiguration DCI has been missed, which may increase the eNB complexity to decode two hypothesis on the HARQ-ACK RE mapping. 
For the second question, two possible solutions can be considered.
· Alt-1: Identify the “problematic” cases that the UL grant can be transmitted earlier than the last DL subframe in the bundling window and specify the UE behavior just for those cases, i.e., the UE behaviour can follow the same procedures defined in the specification as the PUSCH transmission is not based on an UL grant. In this solution, maximum HARQ-ACK payload will be assumed and the UL DAI is always not applicable.  
· Alt 2: In case the UL DAI is received, the UL DAI can be used to determine the number of DL subframes for which the UE needs to feedback HARQ-ACK. That is to say, the UE follows the detected UL DAI value for HARQ-ACK reporting in all cases. It can be the eNB implementation issue to determine the value of UL DAI, and therefore no specification is needed. 
For these two alternatives, Alt 2 is better than Alt 1 on both specification effort and UL throughput performance.
5. Other issue
The last open issue is how to handle the case when the UE, which is configured with both eIMTA and CA, is configured to have different DL/UL HARQ reference configurations for serving cells. We think the same solutions as defined for inter-band TDD CA can be reused, by replacing the SIB-1 configuration with the eIMTA reference configuration. No additional specification is needed.
6. Conclusions
The contribution discusses the remaining details of HARQ in TDD eIMTA. In summary, we propose:

· All the three PUCCH formats should be supported for eIMTA-enabled UEs.

· Follow Alt 2 or Alt 3-2 as described in section 3 to solve the PUCCH resource collision.
· Reuse existing solution for issues in HARQ-ACK transmission on PUSCH.

· For UEs configured with eIMTA and CA, reuse existing solution for inter-band TDD CA when two or more CCs having different HARQ reference configurations for both UL and DL.  
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� N1 and N2 represent the number DL subframes in bundling windows for legacy UEs and eIMTA-enabled UEs respectively, and N3 represents the number of common DL subframes with the two bundling windows.
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