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1. Introduction

In RAN2-76, a set of CRs [1]

 REF _Ref319506527 \r \h 
[2] have been agreed to address the wrap-around/ambiguity issue of SPS occasions. In this paper, we discuss a similar wrap-around issue of HARQ process ID in DL SPS scenarios. 

2. Discussion
2.1. DL SPS HARQ process ID when SFN wraps around
In TS36.321, the HARQ Process ID for DL SPS is calculated according to the following formula:
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalDL)] modulo numberOfConfSPS-Processes,
where CURRENT_TTI=[(SFN * 10) + subframe number].

According to this formula, when numberOfConfSPS-Processes does not divide 10240/semiPersistSchedIntervalDL exactly, some HARQ process ID will be skipped when SFN wraps around. For example, in Figure 1, we illustrate this problem when semiPersistSchedIntervalDL =10ms and numberOfConfSPS-Processes is 3. 
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Figure 1. DL SPS HARQ process ID when SFN wraps around
In this case, HARQ process ID 1 and 2 are skipped and HARQ process ID 0 is immediately re-used when the SFN wraps around. The situation illustrated in Figure 1 is just one example, an earlier RAN2 paper [3] also reported the same problem with other SPS configurations.
Observation 1: In case the number of configured SPS processes does not divide 10240/DL_SPS_interval exactly, some HARQ process ID will be skipped when SFN wraps around.

Even the HARQ process ID wrap-around issue was observed before, the impacts such as how does DL HARQ recover when HARQ process ID is immediately re-used were not fully discussed. Additionally, this issue was never analyzed in TDD scenarios. In the subsections below, we focus on analyzing the impacts of the HARQ process ID wrap-around issue in various TDD-LTE scenarios.

2.2. Impact to DL HARQ recovery
In Figure 2, we illustrate one exemplary DL SPS HARQ ACK/NACK timing situation in TDD UL/DL subframe configuration 5. The DL SPS parameters are the same as in Figure 1, i.e. semiPersistSchedIntervalDL =10ms and numberOfConfSPS-Processes is 3. In addition, we assume the SPS DL occasion is always at subframe 0.
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Figure 2. Impact to DL HARQ in TDD-LTE when SFN wraps around
When DL SPS HARQ ID 0 occurs at SFN 1023 subframe 0, due to the allocation in TDD UL/DL subframe configuration 5, UE does not have a chance to provide HARQ feedback until SFN 0 subframe 2. As a result, the DL SPS occurs at SFN 0 subframe 0 must be a new transmission and it also shares HARQ ID 0. To distinguish these two DL SPS transmissions at SFN 1023 and SFN 0, we call them HARQ process “0a” and “0b”, respectively. Suppose UE was not able to decode HARQ process “0a” successfully and thus it sends out an NACK at SFN 0 subframe 2. However, when eNB processes this NACK, eNB realizes that it has just sent another transmission with the same HARQ ID (“0b”), which flushes the “0a” transmission in UE’s soft buffer. As a result, there is no use to re-transmit “0a” again since UE doesn’t have the original copy of “0a” in the soft buffer to perform HARQ combine. In other words, this situation results in the “0a” transmission never being able to recover at HARQ level and has to rely on RLC level recovery.
Therefore, considering the main use case of SPS is VoIP, relying on RLC to correct this HARQ level loss will likely cause long delays to VoIP packets and thus poor user experience. For example, according to [4], a VoIP user is considered in outage (not satisfied) if 98% radio interface tail latency of this user is greater than 50 ms. During DL HARQ recovery issue at SFN wrap-around, VoIP users will feel periodic problem per 10240ms in these cases.
Observation 2: Some HARQ processes may never recover when the when SFN wraps around.
2.3. Impact to DL HARQ in TDD-LTE 
Note that, the HARQ process recovery issue may be avoided if the DL SPS occasion position changes. For example, as shown in Figure 3, if the SPS DL occasion moves to subframe 6, eNB has the opportunity to decode UE’s HARQ feedback before the next SPS DL occasion. 
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Figure 3. Impact to DL HARQ recovery is avoided
Consider the same scenario where UE was not able to decode HARQ process “0a” successfully from SFN 1023 and thus it sends out an NACK at SFN 0 subframe 2. However, when eNB processes this NACK, eNB realizes that it is still possible to cancel the next DL SPS occasion and perform the retransmission of “0a”. Thus, in this scenario, there is never a HARQ ID “0b” and the DL HARQ recovery issue is avoided.

We note that the necessary condition to ensure the DL HARQ recovery issue can be avoided is that the UL subframe should be at least 4 subframes before the next DL SPS occasion. In other words, for TDD UL/DL subframe configuration 5, SPS DL occasion at subframe 6, 7, and 8 are ok for DL HARQ recovery issues. For SPS DL occasions at other subframes (i.e. 0, 1, 3, 4, 5, 9), since eNB has not enough time to react to the next HARQ re-transmission, the DL HARQ recovery issue is unavoidable.
Observation 3: The HARQ process recovery issue may be avoided depending on the DL SPS occasion positions.

In Table 1, we summarize the DL HARQ recovery issue the scenarios in all TDD-LTE UL/DL subframe configurations. We cross out all the SPS DL occasions that causes eNB has not enough time to react to the next HARQ re-transmission. As shown in the table, out of the 7 TDD-LTE UL/DL subframe configurations, 6 configurations suffer from the DL HARQ recovery issue. Some configuration such as UL/DL subframe configurations 6, 4 out of the 5 (80%) DL SPS occasions are unusable. 

Table 1. the DL HARQ recovery issue in different TDD-LTE UL/DL subframe configurations
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Note that, this table only reflects the situations when semiPersistSchedIntervalDL =10ms and numberOfConfSPS-Processes is 3. For other SPS configurations, as long as the number of configured SPS processes does not divide 10240/semiPersistSchedIntervalDL exactly, some HARQ process IDs will be re-used when the SFN wraps around, and consequently cause DL HARQ recovery issues.
Observation 4: The HARQ process recovery issue is prevalent in the majority of TDD-LTE UL/DL subframe configurations and the impact can be as high as 80% of DL SPS occasions are not usable.

Proposal 1: RAN2 to discuss the DL SPS HARQ process ID issue when SFN wraps around and confirm the DL HARQ recovery problem.

2.4. Solutions
Since the DL SPS HARQ process ID issue is caused by the incorrect formula in TS 36.321, the best solution is to rectify the formula itself. Meanwhile, as a set of CRs [1]

 REF _Ref319506527 \r \h 
[2] have been recently agreed to address a similar wrap-around/ambiguity issue of SPS occasions, we can re-use the same concepts in those CRs and align the formula accordingly. We propose, in Section 5.3.1 of TS 36.321, the formula of the HARQ Process ID for configured downlink assignments can be modified as the following:
For configured downlink assignments, after a Semi-Persistent downlink assignment is configured, the UE shall consider the HARQ Process ID of sequentially the Nth SPS assignment associated with this TTI is derived from the following equation:
HARQ Process ID = [floor(START_TTICURRENT_TTI /semiPersistSchedIntervalDL) +N ] modulo numberOfConfSPS-Processes,

where START_TTI = (10 * SFNstart time + subframestart time), SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured downlink assignment were (re-)initialised CURRENT_TTI=[(SFN * 10) + subframe number]
In addition, consider there are already Rel-8/9 UEs in the field, we can adopt similar approach in [1]

 REF _Ref319506527 \r \h 
[2], which only correct the formula in Rel-10 and onwards, while leave the Rel-8/9 issue resolved by eNB implementation.
Proposal 2: RAN2 to discuss a solution to the DL SPS HARQ process ID issue when SFN wraps around.

3. Conclusion
In this contribution, the DL SPS HARQ process ID problems when SFN wraps around are analyzed:

· In case the numberOfConfSPS-Processes does not divide 10240/semiPersistSchedIntervalDL exactly, we observe that some HARQ process ID will be skipped when SFN wraps around.

· Some HARQ processes may never recover when the when SFN wraps around, depending on the DL SPS occasion positions.

· The HARQ process recovery issue may be avoided, depending on the DL SPS occasion positions.

· The HARQ process recovery issue is prevalent in the majority of TDD-LTE UL/DL subframe configurations and the impact can be as high as 80% of DL SPS occasions are not usable.

We suggest:

· RAN2 to discuss the DL SPS HARQ process ID issue when SFN wraps around and confirm the DL HARQ recovery problem.

· RAN2 to discuss a solution to the DL SPS HARQ process ID issue when SFN wraps around.
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if the NDI in the received HARQ information is 1:

-
consider the NDI not to have been toggled;

-
indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.

-
else, if the NDI in the received HARQ information is 0:

-
if PDCCH contents indicate SPS release:

-
clear the configured downlink assignment (if any);

-
if timeAlignmentTimer is running:

-
indicate a positive acknowledgement for the downlink SPS release to the physical layer.

-
else:

-
store the downlink assignment and the associated HARQ information as configured downlink assignment;

-
initialise (if not active) or re-initialise (if already active) the configured downlink assignment to start in this TTI and to recur according to rules in subclause 5.10.1;
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set the HARQ Process ID to the HARQ Process ID associated with this TTI; 

-
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consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this TTI.

For configured downlink assignments, after a Semi-Persistent downlink assignment is configured , the UE shall consider the HARQ Process ID of sequentially the Nth SPS assignment is derived from the following equation:

HARQ Process ID = [floor(START_TTI/semiPersistSchedIntervalDL)] modulo numberOfConfSPS-Processes,
where START_TTI = (10 * SFNstart time + subframestart time), SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured downlink assignment were (re-)initialised.
When the UE needs to read BCCH, the UE may, based on the scheduling information from RRC:

-
if a downlink assignment for this TTI has been received on the PDCCH of the PCell for the SI-RNTI;

-
if the redundancy version is not defined in the PDCCH format:

-
the redundancy version of the received downlink assignment for this TTI is determined by RVK = ceiling(3/2*k) modulo 4, where k depends on the type of system information message: for SystemInformationBlockType1 message, k = (SFN/2) modulo 4, where SFN is the system frame number; for SystemInformation messages, k=i modulo 4, i =0,1,…, nsw–1, where i denotes the subframe number within the SI window nsw;

-
indicate a downlink assignment and redundancy version for the dedicated broadcast HARQ process to the HARQ entity for this TTI.
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