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1. Background
In the RAN plenary #79 meeting, LTE URLLC feature was discussed and down-scoped to the following aspects [1],
· To support enhanced reliability focusing on 1ms latency bound in Rel-15, only the following are to be specified by June:
· PCFICH reliability: Semi-static configuration of PCFICH duration to avoid PCFICH reliability impacting the overall DL reliability (RAN2 led)
· Blind/HARQ-less repetition for scheduled DL-SCH operation (RAN1 led)
· Finalise details of RAN1 agreement to support blind/HARQ-less PDSCH repetition.
· Using legacy (S/E)PDCCH, (S)PUCCH formats (if applicable); any discussion of potential DCI modifications is limited to support of blind/HARQ-less repetition
· All four variants (as identified in RAN1#92) are valid for further discussion. 
· Second priority (best effort only): Repetition enhancements for UL SPS operation (RAN1 led)
· Finalise details of RAN1 & RAN2 agreements to support UL SPS repetition configuration (both sTTI and TTI)
· PDCP data duplication (RAN2)
· For the solutions above, introduce any necessary UE and base station core requirements [RAN4]
· Second priority (best effort only): Provision of sufficiently granular time reference value to a UE (RAN2) 
· Any possible Rel-16 work is to be discussed in the context of overall Rel-16 work planning. 
In RAN1 #92, the following agreements on blind/HARQ-less PDSCH repetition were made [2]:
[bookmark: OLE_LINK30]Agreement:
One or more of the following solutions for DL data are needed for URLLC operation 
· blind/HARQ-less PDSCH repetition in different TTIs
· Consider the following variants
· Variant 1: dynamic indication of the PDSCH repetition factor in DCI
· [bookmark: OLE_LINK42]Variant 2: semi-static configuration of the PDSCH repetition factor over RRC
· [bookmark: OLE_LINK2]Variant 3: independent PDSCH assignment for each PDSCH transmission
· [bookmark: OLE_LINK14]Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)
[bookmark: OLE_LINK1]In this contribution, Variant 1~4 agreed in RAN1#92 are analyzed. We also provide some consideration on DMRS sharing and HARQ-ACK feedback for PDSCH repetition.  
2. Candidates on PDSCH repetition
[bookmark: OLE_LINK16][bookmark: OLE_LINK5]In RAN #79 meeting, LTE URLLC feature was down-scoped. It was agreed to focus on PDSCH repetition using legacy (S/E)PDCCH in RAN1. (S)PDCCH enhancement is out of current scope. That means compact DCI, higher aggregation level(s) and PDCCH repetition are not desirable.
[bookmark: OLE_LINK13][bookmark: OLE_LINK20][bookmark: OLE_LINK12][bookmark: _GoBack][bookmark: OLE_LINK8][bookmark: OLE_LINK6]Four variants was identified in RAN1#92. For variant 1, 2 and 4, PDSCH repetition factor (RF) is determined by DCI and/or RRC, while the repetition factor is not needed for variant 3. Meanwhile, the same HARQ process number (HPN) and not toggled NDI is required for variant 3 to support PDSCH repetition. 
The following provides our further analysis on the four variants. 
Variant 1: Dynamic indication of the PDSCH repetition factor in DCI
[bookmark: OLE_LINK23]In case the reliability of single PDCCH transmission is sufficient, a single (S)PDCCH is enough to schedule PDSCH  repetition. In Figure 1, an example is given, where RF = 3 is indicated by DL assignment. 
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Figure 1 PDSCH repetition scheduled by a single (S)PDCCH
[bookmark: OLE_LINK10]In case the reliability of single PDCCH transmission is insufficient, additional (S)PDCCH can be transmitted by implementation to schedule additional or remaining PDSCH transmission(s) with the same HPN and not toggled NDI. As shown in Figure 2, one additional (S)PDCCH is transmitted in additional occasion (sTTI#2) based on the scheme in Figure 1. That means, if all occasions during PDSCH repetition including an independent DL assignment indicating RF = 1, it equals to the Variant 3. 
[bookmark: OLE_LINK21][bookmark: OLE_LINK25]Similar to Variant 3, the reliability of PDCCH could be enhanced by keep trying of detecting independent DL assignments. But comparing with Variant 3, Variant 1 would be much more flexible. If the channel condition is good enough, only one independent DCI indicating RF=3 could be used. When in a moderate channel fading, two independent DL assignments, one indicating RF=1 and another indicating RF=2, could be applied. If the scheduled UE is suffering severe channel fading, three or more DL assignments could be implemented to assign the PDSCH repetition. Then the overhead of DL assignment can be relieved if needed since the number of (S)PDCCH transmission is flexible to the reliability requirement of (S)PDCCH. 
[bookmark: OLE_LINK40]Observation 1: If the reliability of single PDCCH transmission is insufficient, additional (S)PDCCH can be transmitted to achieve the gain from keep-trying decoding. 
Observation 2: Dynamic indication of the PDSCH repetition factor in DCI (Variant 1) could keep a good balance between (S)PDCCH reliability and  (S)PDCCH overhead.
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[bookmark: OLE_LINK27]Figure 2 Reliability enhancement of single (S)PDCCH
As for the number of bits in DCI for RF, either 1 or 2 bits is fine. If using 2 bits, implementation such as Figure 1 could be accomplished. If only 1-bit is used, at least two independent DCI are needed to achieve more than two PDSCH repetitions. 
Observation 3 For Variant 1, either 1 or 2 bits in DCI could be used for the dynamic indication of the PDSCH repetition factor. 
Variant 2: Semi-static configuration of the PDSCH repetition factor over RRC
The difference of variant 1, 2 and 4 is how to determine the repetition factor. Since a different number of repetition is needed due to the change of coverage distance or type of channel, indicating repetition factor dynamically is required. Meanwhile, this is also beneficial for spectrum efficiency compared with semi-static configuration of the PDSCH repetition factor over RRC. 
Variant 3: Independent PDSCH assignment for each PDSCH transmission
[bookmark: OLE_LINK11][bookmark: OLE_LINK17][bookmark: OLE_LINK7]In the RAN1 #92 meeting, there is a remaining issue that whether a retransmission can occur back to back with the initial TB transmission. If UE can combine the consecutive PDSCH transmissions with independent PDSCH assignment in case of having the same HPN and not toggled NDI, variant 3 seems to make sense. An example of variant 3 is shown in Figure 3.
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Figure 3 PDSCH repetition of Variant 3
[bookmark: OLE_LINK22][bookmark: OLE_LINK19][bookmark: OLE_LINK24][bookmark: OLE_LINK28][bookmark: OLE_LINK31]Independent DL assignment cannot be assumed to combine with each other since fields like RA, MCS and RV may be changed. But reliability of DL transmission can be improved because probability of miss detection is reduced due to keep trying of detecting independent DL assignment. However, the overhead of DL assignments are increased significantly. In case the reliability of single PDCCH transmission is sufficient, there is no need to bundle each PDSCH repetition always with a DL assignment. Even in case the reliability of single PDCCH transmission is not sufficient, there is also no need to transmit the same number of (S)PDCCH and PDSCH. 
Observation 4 There is no need to transmit a PDSCH always associated with an independent (S)PDCCH. 
Variant 4: Combination of semi-static and dynamic indication (combination of variants 1 and 2)
[bookmark: OLE_LINK39][bookmark: OLE_LINK46][bookmark: OLE_LINK43][bookmark: OLE_LINK57][bookmark: OLE_LINK66]If variant 1 is adopted, then the potential values of repetition factor is predefined and one of the potential values is indicated by DCI. On the other hand, the potential values are configured by RRC for variant 4. If there are many potential values of repetition factor, variant 4 is preferred. Because DCI overhead can be reduced by configuring partial of the total values by RRC like eMTC. Otherwise, variant 1 is preferred. 
[bookmark: OLE_LINK68]PDSCH repetition shall not exceed 1ms boundary, and a few number of repetition can achieve the requirement of 1e-5. Thus, variant 1 is preferred.  As analyzed in [3], the maximum repetition number should be 3 to maintain the 1ms latency. So, the predefined repetition factor could be set as [1, 2, 3].
[bookmark: OLE_LINK32][bookmark: OLE_LINK77][bookmark: OLE_LINK44][bookmark: OLE_LINK41][bookmark: OLE_LINK9]Proposal 1: Dynamic indication of the PDSCH repetition factor in DCI (Variant 1) is supported for PDSCH repetition with predefined repetition factor set [1, 2, 3]. 
3. Other aspects for PDSCH repetition
3.1 [bookmark: OLE_LINK3]DMRS sharing
[bookmark: OLE_LINK47]DMRS overhead needs to be reduced if PDSCH repetition is based on subslot. In short TTI work item, it was already agreed that DL DMRS sharing among two sTTI is supported. For a given repetition factor, a fixed DMRS pattern can be used instead of using 1-bit indication in DCI. For example, every two sTTI contains DMRS REs. 
[bookmark: OLE_LINK56][bookmark: OLE_LINK78][bookmark: OLE_LINK48][bookmark: OLE_LINK35]Proposal 2: DMRS sharing should be supported in case PDSCH repetition with repetition number K>=2 is indicated by one DCI, and a fixed DMRS pattern among the repetitions is applied.  
3.2 HARQ-ACK feedback
[bookmark: OLE_LINK45][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK49][bookmark: OLE_LINK73][bookmark: OLE_LINK50]In case of PDSCH repetition, HARQ-ACK can be sent for each PDSCH, only at the end of the PDSCH after joint-decoding, or before the end of PDSCH if decode successfully. No matter which scheme is adopted, for LTE URLLC with HARQ feedback, the 1ms latency requirement may not be achieved in some cases, e.g., the HARQ timing is already beyond the latency boundary. In order to avoid unnecessary feedback, a UE could decide not to send the feedback for a downlink transmission if the time duration between the HARQ-ACK feedback for repetition and initial transmission of the repetition is larger than a threshold T. In case of 1ms@99.999%, T could be set as 1ms. 
This will not impact the performance of URLLC because the feedback is already not satisfied the target of latency. Meanwhile, the resource of feedback can be saved and the interference to other UEs can be reduced.
[bookmark: OLE_LINK29][bookmark: OLE_LINK59][bookmark: OLE_LINK38][bookmark: OLE_LINK37][bookmark: OLE_LINK63][bookmark: OLE_LINK51][bookmark: OLE_LINK75][bookmark: OLE_LINK62]Proposal 3: A UE is not required to transmit HARQ-ACK feedback for a PDSCH if the time duration between a HARQ-ACK feedback and the initial transmission of the repetition is larger than T, wherein the HARQ-ACK is associated with a retransmission or the initial transmission, and T=1ms@99.999%.
4. Conclusion
According to the analysis given above, we have the following proposals:
Observation 1: If the reliability of single PDCCH transmission is insufficient, additional (S)PDCCH can be transmitted to achieve the gain from keep-trying decoding. 
Observation 2: Dynamic indication of the PDSCH repetition factor in DCI (Variant 1) could keep a good balance between (S)PDCCH reliability and  (S)PDCCH overhead.
Observation 3 For Variant 1, either 1 or 2 bits in DCI could be used for the dynamic indication of the PDSCH repetition factor. 
Observation 4 There is no need to transmit a PDSCH always associated with an independent (S)PDCCH. 
Proposal 1: Dynamic indication of the PDSCH repetition factor in DCI (Variant 1) is supported for PDSCH repetition with predefined repetition factor set [1, 2, 3]. 
Proposal 2: DMRS sharing should be supported in case PDSCH repetition with repetition number K>=2 is indicated by one DCI, and a fixed DMRS pattern among the repetitions is applied.  
Proposal 3: A UE is not required to transmit HARQ-ACK feedback for a PDSCH if the time duration between a HARQ-ACK feedback and the initial transmission of the repetition is larger than T, wherein the HARQ-ACK is associated with a retransmission or the initial transmission, and T=1ms@99.999%.
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