3GPP TSG RAN WG1 Meeting #86bis
R1-1608640
Lisbon, Portugal, 10th – 14th Oct 2016
Agenda Item:
7.2.10.2.1
Source:
Huawei, HiSilicon
Title:
Handling collision between sTTI and 1ms TTI
Document for:
Discussion and decision 
1 Introduction
In RAN1 #84bis meeting [1], the co-existence issues of 1ms TTI and sTTI were discussed, and it was agreed that:
Agreements:

· A UE is expected to handle the following cases in the same carrier in a subframe 
· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH(s)

· FFS between:

· Alt 1: A UE is not expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier
· Alt 2: If the UE is scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier, then it may skip the decoding of one of them (FFS rules for determining which one)
· Alt 3: A UE is expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier
· FFS UE behaviour in case of being scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously with legacy TTI non-unicast PDSCH (except FFS for SC-PTM) on the same carrier 
· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or (depends on outcome of FFS above) short TTI PDSCH unicast
Agreements:

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH

· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s)
· Dropping/prioritization rules (if any) are FFS
In this contribution, we discuss the collision issues of 1ms TTI and sTTI in the same carrier, including PDSCH colliding sPDSCH, PUSCH colliding sPUSCH/sPUCCH, as well as PUCCH colliding sPUSCH/sPUCCH, and provide candidate solutions for these collision cases of 1ms TTI channel and sTTI channel.
2 Analysis for DL 1ms TTI and sTTI collision
There are three alternatives agreed in previous meetings as given in section 1. For Alt.1, it is beneficial for UE complexity and implementation as the UE can stop detecting sPDCCH during the subframe when 1ms TTI can be ensured after detecting legacy PDCCH. But the drawback is that the eNB could not immediately transmit sPDSCH if the urgent traffic arrives in the middle of the scheduled PDSCH, which has potential impact on latency for handling such traffic.
For Alt.2, the UE should always keep detecting sPDCCH, which imposes higher requirement for UE detection. However, Alt.2 is better than Alt.1 on supporting the immediate transmission of urgent packets.
For Alt.3, although the reception of 1ms TTI can also be guaranteed in case sTTI comes, the UE complexity is further increased to support simultaneous decoding of both 1ms TTI and sTTI transport blocks. Considering the standardization effort, Alt.1 or Alt.2 is prioritized at this stage. 
Proposal 1: For the collision of 1ms TTI and sTTI, consider following options:

· Alt.1 where UE is not expected to receive unicast 1ms PDSCH and unicast sPDSCH, 
· Alt.2 where UE may skip the decoding of unicast 1ms PDSCH when detecting unicast sPDSCH.
3 Analysis for UL 1ms TTI and sTTI collision
Although simultaneous transmission of 1ms TTI and sTTI may be supported by UEs with higher capability, it is required to specify the UE behaviors to handle the collision at least for those UEs which do not support simultaneous transmission.
3.1 Collision of PUSCH and sPUSCH

Collision of PUSCH and sPUSCH occurs when sPUSCH is scheduled in a subframe where a PUSCH has been scheduled in earlier subframes. If the sPUSCH is scheduled in the same PRB with PUSCH, then PUSCH has to be punctured. However, PUSCH puncturing even with only 2 symbols would significantly degrade its performance, resulting a failed decoding. If sPUSCH is scheduled in different PRBs, different transmitting bandwidth would lead to power control issues. E.g., the PSD of the PUSCH may have to be lowered during the sPUSCH transmission which may impact the demodulation accuracy of PUSCH. Therefore, dropping PUSCH as soon as a sTTI grant scheduling sPUSCH in the same subframe is detected is preferred to reduce UE complexity and specification effort.
Proposal 2: For the collision of PUSCH and sPUSCH, dropping PUSCH as soon as an UL Grant for sPUSCH is successfully detected.
3.2 Collision of PUCCH and sPUSCH

In #84bis meeting [1], it was agreed that a UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or short TTI PDSCH unicast. As different processing timing between 1ms TTI and shortened TTI, there would be time domain overlap between PUCCH and sPUSCH. Following alternatives can be discussed.
· Alt.1: Drop sPUSCH and give priority to PUCCH. 
· Alt.2: Stop PUCCH transmission and piggyback 1ms UCI to sPUSCH. 
· Alt.3: Transmit both sPUSCH and PUCCH by puncturing PUCCH on corresponding slot/symbols. 

· Alt.4: 1ms PUCCH could be split into multiple segments and each segment is used to transmit all the information bits of UCI. The overlapped segments of 1ms PUCCH can be dropped.

Alt.1 guarantees the coverage of legacy PUCCH, but loses the opportunity for handling urgent UL traffic during the PUCCH subframe. Alt.2 can support transmission of both sPUSCH and 1ms UCI but the reliability of 1ms UCI transmission may be harmed. Considering sPUSCH may not come frequently within one subframe, Alt.3 and Alt.4 can be considered for enhancement of 1ms UCI, which is detailed in another companion paper [2]. 
Proposal 3: For the collision of PUCCH and sPUSCH, following alternatives could be considered:
· Transmit both sPUSCH and PUCCH by puncturing PUCCH on corresponding slot/symbols.
· 1ms PUCCH could be split into multiple segments and each segment is used to transmit all the information bits of UCI.
3.3 Collision of PUCCH and sPUCCH
Collision of PUCCH and sPUCCH occurs when the 1ms UCI and the sUCI should be transmitted within the same UL subframe. Considering both channels carry control information, both 1ms HARQ-ACK and sHARQ-ACK should be kept for transmission. Relatively lower priority for CSI could be dropped in case of too large payload size. Following alternatives can be discussed to avoid simultaneous transmission of both channels.
· Alt.1: Allow both 1ms HARQ-ACK and sHARQ-ACK to be fed back in sPUCCH.
The delay of demodulating sHARQ-ACK may be increased if it is transmitted on 1ms PUCCH together with 1ms HARQ-ACK. Transmitting both HARQ-ACKs on sPUCCH can guarantee the latency of sHARQ-ACK is not impacted.
· Alt.1-1: Bundling for 1ms PDSCH and sPDSCH. 

It avoids increasing sPUCCH payload size for handling the collision. However, the unsuccessfully decoding of either transport block leads to retransmission of both PDSCHs even if another one is correctly decoded. This potentially increases the latency for receiving sPDSCH. 

· Alt.1-2: Individual bit fields for sHARQ-ACK and 1ms HARQ-ACK. 
It guarantees the retransmission probability and therefore the latency of sPDSCH is not negatively impacted by unsuccessfully received or not transmitted 1ms PDSCH, but larger payload size sPUCCH format may need to be designed.
· Alt.2: Transmit both sPUCCH and PUCCH by puncturing PUCCH on corresponding symbols.
Similar to handling the collision of PUCCH and sPUSCH, only the corresponding slot/symbols of PUCCH is dropped to give priority for sPUCCH transmission. This also achieves similar benefits on PUCCH reliability. However, if multiple sPUCCHs are transmitted in the subframe which punctures too many PUCCH symbols, the PUCCH would be severely degraded, thus Alt.1 should be considered in such case.
Proposal 4: For the collision of PUCCH and sPUCCH, following alternatives could be considered:
· 1ms HARQ-ACK and sHARQ-ACK could be fed back on sPUCCH,

· Transmit both sPUCCH and PUCCH by puncturing PUCCH on corresponding slot/symbols.

3.4 Collision of PUSCH and sPUCCH

Collision of PUSCH and sPUCCH occurs when PUSCH scheduled by UL grant and the sUCI, e.g. sHARQ-ACK for DL sPDSCH should be transmitted within the same UL subframe. Three alternatives are discussed to avoid simultaneous transmission of both channels.
· Alt.1: Drop sPUCCH and piggyback the sHARQ-ACK on PUSCH on the same symbol(s) of the sPUCCH.
· Alt.2: Transmit sHARQ-ACK on sPUCCH while dropping PUSCH transmission.
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Figure 1 sHARQ-ACK is piggybacked to PUSCH on corresponding symbols for Alt.1. 
For Alt.1, the sPUCCH may occur earlier than the PUSCH DMRS, which delays the demodulation of sHARQ-ACK. E.g., the 2OS based sPUCCH may come at the 1st sTTI of the subframe, but that DMRS of PUSCH is at symbol #3, thus the eNB should wait for DMRS, which causes the delay for sHARQ-ACK reception as shown in figure 1. For Alt.2, there will be performance loss for PUSCH even when sHARQ-ACK comes later than PUSCH DMRS. Therefore, Alt.3 can be considered as a solution to avoid cons of both Alt.1 and Alt.2.
· Alt.3: Transmit sHARQ-ACK on sPUCCH or PUSCH depending on sPUCCH time.

If the sPUCCH is earlier than the DMRS of PUSCH, e.g. sPUCCH is on the 1st sTTI of the subframe, the UE can transmit sHARQ-ACK on sPUCCH while dropping PUSCH transmission; otherwise the UE can piggyback sHARQ-ACK on PUSCH on the same symbol(s) of sPUCCH while dropping sPUCCH. As shown in figure 2, if the sPUCCH collides with PUSCH on the 1st sTTI, the sHARQ-ACK should be transmitted on sPUCCH while dropping PUSCH; otherwise the sHARQ-ACK should be piggybacked on PUSCH.
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Figure 2 Transmit sHARQ-ACK on which channel depends on sPUCCH time. 
Proposal 5: For the collision of PUSCH and sPUCCH, 
· If the sPUCCH is earlier than the DMRS of PUSCH, the UE should transmit sHARQ-ACK on sPUCCH while dropping PUSCH transmission; 
· Otherwise the UE should piggyback sHARQ-ACK on PUSCH.
4 Conclusions
In this contribution, we analyzed the co-existence issues for DL and UL 1ms TTI and sTTI. Based on the discussions, following conclusions are drawn:
Proposal 1: For the collision of 1ms TTI and sTTI, consider following options:

· Alt.1 where UE is not expected to receive unicast 1ms PDSCH and unicast sPDSCH, 
· Alt.2 where UE may skip the decoding of unicast 1ms PDSCH when detecting unicast sPDSCH.
Proposal 2: For the collision of PUSCH and sPUSCH, dropping PUSCH as soon as an UL Grant for sPUSCH is successfully detected.

Proposal 3: For the collision of PUCCH and sPUSCH, following alternatives could be considered:

· Transmit both sPUSCH and PUCCH by puncturing PUCCH on corresponding slot/symbols.

· 1ms PUCCH could be split into multiple segments and each segment is used to transmit all the information bits of UCI.
Proposal 4: For the collision of PUCCH and sPUCCH, following alternatives could be considered:
· 1ms HARQ-ACK and sHARQ-ACK could be fed back on sPUCCH,

· Transmit both sPUCCH and PUCCH by puncturing PUCCH on corresponding slot/symbols.

Proposal 5: For the collision of PUSCH and sPUCCH, 
· If the sPUCCH is earlier than the DMRS of PUSCH, the UE should transmit sHARQ-ACK on sPUCCH while dropping PUSCH transmission; 
· Otherwise the UE should piggyback sHARQ-ACK on PUSCH.
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