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1
Introduction
In this contribution, we discuss DL-SCH enhancements for LTE URLLC. 
In the email discussion [1], companies provided their input on candidate techniques for PDSCH URLLC enhancements which are taken as a basis for the discussions in this document. 
2
Lower coding rates for PDSCH
To improve the PDSCH reliability, the effective coding rate can be reduced than what is currently supported. 

Based on the email discussion [1] and contributions to RAN1#91, there seem to be two basic ways to do this which will be discussed in the sequel: 

· Blind/HARQ-less repetition

· Lower MCS

2.1 Blind HARQ-less repetition for PDSCH 
We think that blind/HARQ-less repetition (as supported in NR) is essential here, and should be studied and specified also for LTE. Specifically, considering the rather long HARQ-Ack turnaround time in case of LTE and the rather tight latency requirements, relying on HARQ-based retransmissions is not possible beyond the latency bounds given by URLLC operation. 

Three different ways of blind / HARQ-less repetition for scheduled PDSCH have been identified in the email discussion: 

· Alt. 1: Schedule each of the blind repetitions separately (i.e. one PDSCH assignment only applies to the PDSCH in the same TTI).

· Alt. 2: The blind repetition of K transmissions is dynamically indicated in the PDSCH assignment. The blind repetition number could be separately signaled or jointly signaled with the MCS (i.e. repetition included in the URLLC MCS definition). 

· Alt. 3: The blind repetition of K transmissions is RRC configured, and a single PDSCH assignment automatically implies K PDSCH transmissions of a data block from the eNB. 
Alternative 3 of having a fixed configured repetition number is clearly the least flexible solution, as the eNB will not be able to decide if (and how many) repetitions to use dynamically (compared to Alt. 1 & 2). 

Comparing the baseline operation of Alt. 1 and Alt. 2, Alt. 1 will result in larger DL control overhead but will provide some DL control diversity as separate DCIs schedule each re-transmission. But as noted in our contribution on DL control in [2], there could be also for Alt. 2 operation a PDSCH assignment in each TTI at least giving the remaining K transmission which will reduce the missed PDSCH assignment probability and effect on performance compared to Alt. 1 even further. 
To summarize the discussions, we think that RAN1 should focus mainly on Alt. 1 and Alt. 2 for dynamically scheduled PDSCH, as having a fixed RRC configuration of the blind/HARQ-less repetition number for dynamically scheduled PDSCH seems to be rather restrictive. 

In contrast, for PDSCH SPS operation with blind/HARQ-less repetitions using RRC configuration of the number of transmissions K seems to be the only viable solution. 

Regarding the value range of K, enabling more than 8 repetitions might not be useful as otherwise HARQ-Ack based re-transmission can cope with the remaining re-transmissions. We consider a candidate set of K={1,2,4,8} as appropriate here. As for legacy PDSCH operation, the UE should provide HARQ-Ack for each of the individual K transmissions. 
Proposal 1: For dynamically scheduled PDSCH, RAN1 to consider independent PDSCH assignments of each PDSCH transmission and dynamic indication of the repetition number in the PDSCH assignment. 

Proposal 2: For PDSCH SPS, RAN1 to consider a RRC configured repetition factor / number of blind repetitions.  

2.2 Lower MCS for URLLC
As noted from the email discussion [1], blind repetition and lower MCS support are basically competing ways to decrease the coding rate. 
As noted in our email reply, using lower MCS (in a single TTI) compared to repetition might not work well in case of the lowest latencies where subslot TTI is needed. Based on the current TBS definition, 32 bytes (set as target TBS size) with MCS0 will require already now 60 scheduled subslot PUSCH/PDSCH PRBs – meaning it will not be possible with lower MCS alone to support lower coding rates for URLLC use cases. 

It has been discussed, that for providing lower MCS some TBS scaling factor for e.g. MCS-1 and the competing solution is to create new entries (i.e. a real new table). Considering small TBS sizes and the effect of constant CRC size, especially for low MCS/small TBS we think that TBS scaling might be slightly suboptimal here.  

Overall, the need for lower MCS should be justified by performance evaluations. 

Observation 1: More discussions will be needed on the support of lower MCS (on top of blind/HARQ-less repetition).

3
Increased PDSCH diversity
As noted from the email discussion [1], most companies seem to think that the current spatial and frequency diversity mechanisms of PDSCH to be sufficient. 
Spatial diversity for CRS based transmission is already available through TM2 and for TM8/9 the transmit diversity using AP 7 & 8 is supported already as well. Therefore, we don’t see any room or need for enhancements in this area. 

One company discussing the repetition of a code-block in the carrier domain and support physical layer combining of the transmissions (in contrast to PDCP data duplication). 
Such operation may provide some combining gain (compared to PDCP data duplication) but will require rather large specification and implementation efforts (on PHY & MAC) to make such operation possible. Considering the rather limited time-frame in this WI, we suggest to not specify PDSCH repetition in the carrier domain. 
Proposal 3: Do not specify any other carrier domain diversity techniques for PDSCH than PDCP data duplication in this WI. 

3
CSI enhancements for PDSCH
The current LTE CQI reporting assumes a target PDSCH BLER of 10%. For URLLC this is clearly not sufficient here and lower target BLERs need to be considered for URLLC CQI reporting. 

As noted in our email reply, to set the target BLER to the required reliability (such as 10-5) will only lead to the situation, that the UE will report some very very conservative CQI to pass the UE tests and may not assume certain diversity techniques such as time/spatial/interference diversity based on eNB based scheduling decisions in its CQI computation. 
Therefore, we believe a range of additional target BLERs might need to be specified (10%/0.1>BLER>10-5) and the eNB may configure the UE with the intended target BLER for CQI reporting. Additional values could be as an example 10-2 and 10-4 on top of the legacy 10-1 BLER target.  

Proposal 4: Support lower target BLER CQI reporting for URLLC. The target BLER may be eNB configurable from a range of supported BLERs. FFS on supported configurable target BLER values 0.1≥BLER>10-5.

In addition, as pointed out in the email discussion [1], the URLLC specific lower MCS / blind repetition definition may need to be considered in the URLLC specific CQI definition. 
4
Other PDSCH issues raised in [1]
For some other issues raised in [1], we just simply state our opinion on each of the points raised here.

· CBG-based URLLC PDSCH does not seem to make too much sense as in most cases there will not be only a single transport block transmitted. 

· CBG-based operation for MBB PDSCH due to URLLC puncturing (together with pre-emption indication) will require to change the overall MBB PDSCH assignment and HARQ-Ack feedback operation. In addition, the puncturing only matters for 1ms TTI (as no puncturing needed for short TTI based on dynamic scheduled). Moreover, this would anyhow only be applicable for Rel-15 UEs so the benefits may be rather limited. 

· Multi-level NACK might help the spectral efficiency of the PDSCH re-transmissions, but will impact the HARQ-Ack reliability as the UCI payload sizes are increasing. Besides, HARQ-Ack based re-transmissions will only be possible for less strict URLLC latency bounds. 
· Early termination techniques for PDSCH seem to be not really working in case the number of blind repetitions is limited to the HARQ-Ack reporting timeline anyhow. In case that not more than K=4 blind repetitions are envisioned, there is no need for any studies and/or specification in this area as the HARQ-Ack information would not be available in time to trigger any early termination. 

· No advantages of 1-symbol repetition identified (especially if the HARQ-Ack timing is not to be changed, which would require major changes to the UE HARQ-Ack reporting – e.g. 2 HARQ-Ack bits per carrier per sTTI as requiring reporting for 1st and 2nd symbol HARQ-Ack).

As there is only very limited time available in this WI, we suggest the following: 

Proposal 5: Do not study and specify the following mentioned URLLC PDSCH enhancements:

· CBG-based PDSCH operation for LTE (URLLC & MBB)

· Multi-level NACK reporting

· Early termination techniques for PDSCH

· 1-symbol PDSCH URLLC operation

5
Conclusions

In this contribution we discussed techniques and solutions to improve the PDSCH reliability. The discussions can be summarized in the following related observations and proposals. 
Proposal 1: For dynamically scheduled PDSCH, RAN1 to consider independent PDSCH assignments of each PDSCH transmission and dynamic indication of the repetition number in the PDSCH assignment. 

Proposal 2: For PDSCH SPS, RAN1 to consider a RRC configured repetition factor / number of blind repetitions.  

Observation 1: More discussions will be needed on the support of lower MCS (on top of blind/HARQ-less repetition).

Proposal 3: Do not specify any other carrier domain diversity techniques for PDSCH than PDCP data duplication in this WI. 

Proposal 4: Support lower target BLER CQI reporting for URLLC. The target BLER may be eNB configurable from a range of supported BLERs. FFS on supported configurable target BLER values 0.1≥BLER>10-5.

Proposal 5: Do not study and specify the following mentioned URLLC PDSCH enhancements:

· CBG-based PDSCH operation for LTE (URLLC & MBB)

· Multi-level NACK reporting

· Early termination techniques for PDSCH

· 1-symbol PDSCH URLLC operation
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