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1 Introduction
In the RAN1 #84 meeting, the issue about HARQ-ACK feedback for SPS transmission was raised in [1] and the corresponding correction [2] was discussed. The conclusion of the discussion is as follows:
Conclusion:

· The CR in R1-161174 is agreed in principle, discuss further offline on detailed wording, revisit on Thursday

R1-161293
Corrections on HARQ-ACK bit for SPS transmission for eCA
Huawei, HiSilicon, Samsung, Lenovo

Conclusion:

· Revisit this CR in RAN1#84bis, espeically considering 

· the potential issue regarding the DAI misalignment between eNB and UE

· Whether it is necessary to add the timing of the corresponding SPS PDSCH 

In this contribution, the potential DAI misalignment issue is further discussed. The CR R1-161293 has been resubmitted in [3] and the main point of the CR is the following step appending the SPS HARQ-ACK bit:
if the UE receives a PDSCH transmission without a corresponding PDCCH/EPDCCH, 
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2 HARQ-ACK bit for DL SPS PDSCH
HARQ-ACK bit for DL SPS in case of semi-static codebook configuration
In Rel-12 CA, HARQ-ACK codebook including HARQ-ACK bit for DL SPS PDSCH is determined semi-statically. For FDD, Figure 1 illustrates the HARQ-ACK bit ordering for PUCCH format 3. The parameter TMMaxCW in the figure denotes the maximum number of transport blocks supported by the transmission mode configured to the serving cell. The HARQ-ACK bit is arranged according to the cell index regardless the serving cell scheduled or not. And there is no difference between HARQ-ACK bit for PDSCH associated with PDCCH/EPDCCH and PDSCH without a corresponding PDCCH/EPDCCH (DL SPS PDSCH).
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Figure 1. Example of HARQ-ACK bit ordering for FDD with PUCCH format 3.
For TDD, Figure 2 shows the HARQ-ACK bit ordering for PUCCH format 3. The HARQ-ACK bits are first arranged in subframes of each serving cell then concatenated in serving cells according to the cell index. In each cell the HARQ-ACK bit allocation depends on the DL DAI value (DAI value in DL assignment). The HARQ-ACK bit for DL SPS PDSCH without PDCCH/EPDCCH is located at the end of HARQ-ACK bit on PCell.
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Figure 2. Example of HARQ-ACK bit ordering for TDD with PUCCH format 3.
If the HARQ-ACK ordering for PUCCH format 4/5 in case of semi-static codebook configuration follows the same principle as for PUCCH format 3, as proposed in [4], there is no problem in HARQ-ACK bit for DL SPS PDSCH.
HARQ-ACK bit for DL SPS in case of dynamic codebook configuration

HARQ-ACK codebook for PUCCH format 4/5 in case of dynamic codebook configuration depends on the counter DAI and total DAI in DL assignment. The definition of total DAI only includes the total number of serving cell(s) with PDSCH transmission(s) associated with PDCCH/EPDCCH(s) and serving cell with PDCCH/EPDCCH indicating downlink SPS release. The serving cell with PDSCH transmission without corresponding PDCCH/EPDCCH(s) is not considered in the total DAI.
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Figure 3. HARQ-ACK feedback for FDD considering SPS transmission

Different cases about the SPS transmission are given in Figure 3 with other dynamic scheduled PDSCH with PDCCH/EPDCCH. Assuming the procedure from the CR [3], the following is observed:

Case A: SPS activation PDCCH is received
The PDCCH contains counter DAI and total DAI and there is no misalignment between eNodeB and UE.

Case B: SPS PDSCH is received

The HARQ-ACK codebook size is set to 
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 and there is no misalignment between eNodeB and UE. 
Case C: SPS PDSCH is not received

The eNodeB assumes the HARQ-ACK codebook size is 
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 while the UE assumes the HARQ-ACK codebook size is 
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Case D: SPS PDSCH is not transmitted and an overriding dynamic PDCCH is not received
The UE could determine from the counter DAIs and the total DAI that the dynamic PDCCH was missed. The HARQ-ACK codebook size is set to 
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 and there is no misalignment between eNodeB and UE. 
For Case C, the key point is the interpretation of the wording “if the UE receives a PDSCH transmission without a corresponding PDCCH/EPDCCH”. The UE may not know whether the SPS PDSCH was transmitted or not, it will generate a NACK in any case it does not successfully decode something. Thus the potential issue is that the UE will append the SPS HARQ-ACK bit only if it was able to correctly receive the SPS PDSCH and generate an ACK. 
Observation: There could be misalignment of HARQ-ACK codebook size between the eNodeB and the UE if the SPS PDSCH is not received.
If this error case is deemed to be substantial, some alternatives could be considered to handle this:
Alternative 1: Redefine the total DAI to include the serving cell with PDSCH transmission without corresponding PDCCH/EPDCCH(s).
The serving cell with PDSCH transmission without corresponding PDCCH/EPDCCH will be included in total DAI value but not in the counter DAI value. This requires revisiting agreements and changing the definition of total DAI and may have other impact. Given that this is a minor issue, we prefer to keep the definition of total DAI as before.
Alternative 2: Always append the HARQ-ACK bit for the serving cell with PDSCH transmission without corresponding PDCCH/EPDCCH(s) when SPS is configured by RRC.

The SPS HARQ-ACK bit is appended regardless if SPS is activated or deactivated, hence it will be present in every subframe for FDD and in every bundling window for TDD, which adds extra overhead. Hence, this alternative is not preferred. 
Alternative 3: Append the HARQ-ACK bit for the serving cell with PDSCH transmission without corresponding PDCCH/EPDCCH(s) for subframes that are activated for SPS.

This avoids HARQ-ACK feedback for deactivated SPS subframes, compared to Alternative 2. If SPS is activated but SPS PDSCH is not detected by the UE, the HARQ-ACK bit is set to NACK. The potential overhead would only occur if SPS PDSCH is not transmitted and the UE detects an SPS overriding dynamic PDCCH. On the other hand, there is no HARQ-ACK codebook size ambiguity if SPS PDSCH is not transmitted and the UE does not detect a SPS overriding dynamic PDCCH.

For Alternative 3, the same understanding of whether or not HARQ-ACK bit for DL SPS PDSCH included is needed. If it only depends on the detected DL SPS PDSCH at the UE side, there is a potential issue regarding the misaligned understanding between eNB and UE due to missed PDSCH at the UE side. Considering the DL SPS PDSCH is scheduled after SPS is activated and the SPS activation is acknowledged by the UE, the SPS status can be the indication whether  HARQ-ACK bit for DL SPS PDSCH is present. If SPS is activated, HARQ-ACK codebook size 
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is further increased by 1 to include HARQ-ACK bit for DL SPS PDSCH. Otherwise, the HARQ-ACK codebook size is kept the same as without DL SPS PDSCH. 
For Alternative 2 and 3, in order to avoid the impact of the HARQ-ACK bits ordering for PDSCH with correspding PDCCH/EPDCCH or PDCCH/EPDCCH indicating downlink SPS release, the HARQ-ACK bit for DL SPS PDSCH is prefered to be located at the end of the HARQ-ACK bits associated with dynamic PDCCHs/EPDCCHs, shown in Figure 4 taking FDD as an example.
Proposal. If the misalignment of HARQ-ACK codebook size between the eNodeB and the UE for the case the SPS PDSCH is not received should be avoided, consider to always append the SPS HARQ-ACK bit for all subframes that are activated for SPS transmission. 
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Figure 4. HARQ-ACK bit for DL SPS PDSCH in case of dynamic codebook
3 Conclusions
Ambiguity of the HARQ-ACK codebook size may occur if the UE does not receive the SPS PDSCH. This can be handled by appending the SPS HARQ-ACK bit regardless if the UE receives an SPS PDSCH or an SPS overriding dynamic PDCCH. In case the UE correctly receives an SPS overriding dynamic PDCCH, the SPS HARQ-ACK bit could be set to NACK. 
Proposal. If the misalignment of HARQ-ACK codebook size between the eNodeB and the UE for the case the SPS PDSCH is not received should be avoided, consider to always append the SPS HARQ-ACK bit for all subframes that are activated for SPS transmission. 
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