[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK6][bookmark: OLE_LINK7]3GPP TSG-RAN WG1 #77     	                                R1-141950
19th – 23rd May, 2014
Seoul, Korea

Agenda item:    6.2.1.2
Source:             Qualcomm Incorporated
Title:                  HARQ-ACK feedback for TDD eIMTA
Document for:  Discussion/Decision 

1. Introduction
In this contribution, we discuss remaining details of HARQ-ACK feedback for TDD eIMTA, especially on email discussion topics of [76-06] and [76-07] in [1]. 

2. Discussion
2.1. Determination of UL DAI and UL Index in DCI format 0/4
When TDD UL-DL configuration 0 is indicated by SIB1 and used as UL reference configuration for TDD eIMTA, the DAI field does not exist in UL grant based on the current spec, which impacts, the number of HARQ-ACK bits when PUCCH format 1b with channel selection or PUCCH format 3 is configured. 
Several alternatives are proposed in [2] to solve this issue and summarized below. 
· Alternative 1: The UL index is used in DCI format 0/4, when UL-DL configuration 0 is configured as UL reference configuration. 
· Alternative 2-1: The UL DAI can be used in DCI format 0/4, using UL DAI in all subframes for all the dynamically indicated configurations other than configuration #0 and assuming predefined subframe-specific UL index values.
· Alternative 2-2: The UL DAI can be used in DCI format 0/4, using UL DAI in all subframes for some of the dynamically indicated UL-DL configurations. For configurations #0 and #6: UL index. For other configurations:  UL DAI.
· Alternative 2-3: The UL DAI can be used in DCI format 0/4, where the usage of UL index or UL DAI in DCI format 0/4 depends on the index of DL/S subframe , i.e., using UL DAI in subframe #1 and #6 (with UL index value always set to 01).
Alt 1 is the simplest solution without specification change. However, this solution may result in a low HARQ-ACK coding efficiency since the number of HARQ-ACK bits is determined by the size of bundling window rather than the number of actually scheduled DL subframes. When the configuration 5 is used as DL reference configuration, PUCCH format 3 needs to support HARQ-ACK multiplexing of 9 DL subframes and a maximum HARQ-ACK payload of 18 bits. This means dual-RM coding is highly likely to be used and spatial bundling is more likely to be invoked which happens when the HARQ-ACK payload size is larger than 20. The large HARQ-ACK payload will have an impact on PUSCH so that a larger bandwidth shall be allocated in order to avoid the coding rate larger than one. 
Both Alt 2-1 and Alt 2-2 propose dynamic interpretation of UL DAI/Index field in DCI format 0/4 based on the actually used UL-DL configuration. The only difference is that UL DAI is used in Alt 2-1 in case of configuration 6. If UL DAI is used in DCI format 0/4 a subframe specific UL index shall be defined to associate the UL grant and the corresponding UL subframe. As a result, the number of scheduled UL suframes is decreased from 6 to 4, e.g. in case of UL-DL configuration 6 only 4 of the 5 available UL subframes can be used. This would decrease the UL throughput and make UL-DL configuration 6 not useful for traffic adaptation when UL-DL configuration is 0 is configured in the SIB1.
[bookmark: _GoBack]Another reason cited against Alt 2-1 and Alt 2-2 is the ambiguity between eNB and UE when UE fails to detect the reconfiguration DCI. In such case, UE will fallback to SIB1 configuration 0 and interpret the 2bits to UL index but the actually indicated configuration may not be configuration 0. Therefore the scheduled uplink transmission could be wrongly determined to other uplink subframe(s) causing unpredictable interference and unreliable UL performance. It may also cause errors in UL HARQ of the scheduled UE since the corresponding UL HARQ process is wrongly updated. Although it is claimed that the probability of missing the reconfiguration DCI is very low, the impact would be serious and shall not be ignored. 
Alt 2-3 tries to avoid the ambiguity of dynamic interpretation by defining subframe dependent behaviour, however, some scheduling flexibility is lost. Note for TDD eIMTA the DL HARQ reference configuration can be {2, 4, 5}, which means the HARQ-ACK can only transmitted in subframe #2, #3 or #7. Alt 2-3 cannot help to reduce the HARQ-ACK payload since the UL grant for subframe #2 and #7 can only be in subframe #0 and #5 where UL index is assumed to be used in DCI format 0/4 according to the proposal. 
From the above discussion it is clear that if the HARQ-ACK overhead reduction is the main concern Alt 2-1 and Alt 2-2 can be considered. Alt 2-2 is better than Alt 2-1 due to supporting UL-DL configuration 6. But if the reliability is a key issue then Alt 1 without specification change is preferred. 
Proposal 1: 
· Either Alt 1 or Alt 2-2 can be considered to determine 2bits field in DCI format 0/4 when UL-DL configuration 0 is used in the SIB.
2.2. HARQ-ACK Mapping for PUCCH Format 1b with Channel Selection
For email discussion [76-06] the agreements for PUCCH resource allocation for HARQ-ACK in TDD eIMTA are summarized in [3]. One of the remaining issues is the ordering of the HARQ-ACK bits for PUCCH format 1b with channel selection. In current specification, for PUCCH format 1b with channel selection and one configured serving cell, the HARQ-ACK feedback bits are ordered according to the subframe index in the DL association set, e.g. HARQ-ACK(i) is associated with subframe  where  and  where M is the number of elements in the DL association set K.
For TDD eIMTA, new subframe indexing tables were agreed for determining implicit PUCCH resource allocation when DL HARQ reference configuration is configured. The general rule is that fixed subframes having the same HARQ timing for both eIMTA and non-eIMTA UEs mapped firstly, followed by fixed subframes having different HARQ timing and then flexible subframes specific to eIMTA UEs. Then it was discussed whether the ordering of HARQ-ACK bits shall be changed also to align with new subframe indexing table. In detail, the following three options are proposed.
· Option 1: The order of HARQ-ACK bits is determined according to the original downlink association set index  of the DL HARQ reference configuration
· Option 2: In addition to PUCCH resource allocation, agreed DL association set indexing tables are also used for determining the order of HARQ-ACK bits.
· Option 3: The order of HARQ-ACK bits is determined by DL DAI, e.g. HARQ-ACK feedback linked to PDCCH with DAI equal to k is mapped as HARQ-ACK(k-1), k=1, 2, 3, 4; HARQ-ACK for SPS PDSCH, if configured, is always mapped to HARQ-ACK(3).
The main advantage of option 2 and 3 over option 1 is that the ordering of HARQ-ACK bits is to link HARQ-ACK(0) to a DL subframe. While based on the original downlink association set indexing table of the reference DL configuration, HARQ-ACK(0) may be linked to a flexible subframe. When using the mapping of Table 10.1.3-7 in 36.213 the differentiation on NACK and DTX is only supported by HARQ-ACK(0) and there is no distinguish between NACK and DTX for HARQ-ACK(1), HARQ-ACK(2) and HARQ-ACK(3). As a consequence, the eNB may not perform PDCCH link adaptation based on the feedback of HARQ-ACK(0) if the associated subframe is a UL subframe. 
However, this above issue is not found for all combinations of the reference DL configuration and SIB1 configuration. For example, the first subframe in the DL association set of DL reference configuration 4 can still be a fixed DL subframe, e.g., subframe #0 for HARQ-ACK feedback in subframe #2. Secondly, PDCCH link adaptation for TDD eIMTA may not be a critical issue since typical deployment scenario for TDD eIMTA is small cell where the downlink geometry shall be good enough. The probability for PDCCH missing would be very low. Alternatively, eNB could use large CCE size or power boosting to improve PDCCH decoding performance. Due to small number of UEs in the eIMTA cell the PDCCH capacity shall not be a problem either.

Reordering the HARQ-ACK bits based on new subframe indexing table or DL DAI may affect HARQ-ACK decoding performance since the mapping of Table 10.1.3-7 has implicit consideration of HARQ-ACK bit ordering, e.g. HARQ-ACK(3) corresponding to special subframe and HARQ-ACK(2) is latest DL subframe of the bundling window. Reordering the HARQ-ACK bits and the corresponding PUCCH resource would result in different HARQ-ACK encoding mapping and affect the reliability of HARQ-ACK bits. Therefore, any proposal to change the HARQ-ACK bit ordering needs careful investigation.
Proposal 2: 
· For TDD eIMTA, the HARQ-ACK bits ordering can follow the existing DL association set index as defined in TS 36.213 Table 10.1.3.1-1 of the DL reference UL-DL configuration. 

3. Conclusions

This contribution discussed remaining details of HARQ-ACK feedback for TDD eIMTA. In particular, the followings are proposed:
Proposal 1: 
· Either Alt 1 or Alt 2-2 can be considered to determine 2bits field in DCI format 0/4 when UL-DL configuration 0 is used in the SIB, i.e.,:
· Alternative 1: The UL index is used in DCI format 0/4, when UL-DL configuration 0 is configured as UL reference configuration 
· Alternative 2-2: The UL DAI can be used in DCI format 0/4, using UL DAI in all subframes for some of the dynamically indicated UL-DL configurations. For configurations #0 and #6: UL index. For other configurations: d #6: U
Proposal 2: 
· For TDD eIMTA, the HARQ-ACK bits ordering can follow the existing DL association set index as defined in TS 36.213 Table 10.1.3.1-1 of the DL reference UL-DL configuration. 
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