
San Francisco, USA, 11th – 15th November 2013
Source: 
ZTE

Title:
Remaining HARQ Details
Agenda Item:
6.2.1.3
Document for:
Discussion and Decision

1. Introduction

3GPP RAN1#74bis meeting made the following progress for the HARQ timings in TDD eIMTA.
The following working assumption is confirmed:

· Working assumption: A subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission.

Working assumption:

· For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1

Agreement:

· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}

· The following behaviour is agreed:

· Under any valid UL & DL HARQ reference configurations, the UE should not expect any subframe configured as UL subframe or special subframe in DL HARQ reference configuration is dynamically used as DL subframe.

· FFS whether to capture the above into specifications

Based on the agreement and working assumption, the remaining issues are discussed in this contribution.
2. PUCCH resource collision
Because the legacy UEs and the eIMTA UEs follow different TDD UL-DL configuration to derive the PUCCH resource in case PUCCH format 1a/1b (including PUCCH format 1b with channel selection) is used for HARQ-ACK feedback, the PUCCH resource collision could happen.  Many 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]
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· 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 
[2]

 REF _Ref370826728 \r \h 
[3]

 REF _Ref370826729 \r \h 
[4]

 REF _Ref370826732 \r \h 
[5]

 REF _Ref370826733 \r \h 
[7]. 
· Alt 3-3: Legacy PUCCH resources used, when available in right timing, and separation of fixed DL subframes and flexible subframes.[3]
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· 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]
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· 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]
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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 being common within the bundling windows of 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 found to be too large, Alt-3 can be considered. Among the three candidates in Alt-3, the standard effort for Alt 3-2 may be 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.

3. HARQ-ACK transmission on PUSCH
There are some problems related to the DAI field in UL grant when the HARQ-ACK is transmitted on PUSCH [10]
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 \* MERGEFORMAT [11]. These problems include:

· There is no UL DAI field in the UL grant based on the UL reference configuration;

· The UL DAI field cannot represent the total number of DL subframes being scheduled in the bundling window for eIMTA-enabled UEs in case that the subframe carrying the UL grant appears earlier than the last downlink subframe within the bundling window of a DL reference configuration.
In the current specification, the UL DAI is used to determine the parameters in some cases such as the scrambling sequence for HARQ bundling, the number HARQ-ACK bits for HARQ-ACK multiplexing when this control field is present. Meanwhile, the current specification also provides the solutions when the UL DAI control field is not present or the PUSCH transmission is not based on an UL grant. Therefore, for the above mentioned cases, the UE behaviour can follow the same procedures defined in the specification as the PUSCH transmission is not based on an UL grant. No specification effort is needed.
4. Conclusions
The contribution discusses the remaining details of HARQ in TDD eIMTA. In summary, we propose:

· Take 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  
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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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