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1	Introduction
At RAN#79, the following decision on the scope of PDSCH/DL-SCH enhancements for LTE URLLC have been taken. 
· Finalize 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.

At RAN1#92bis, the following agreements related to blind/HARQ-less PDSCH repetition have been taken: 
Agreement:
PDCCH indicates number of PDSCH transmissions associated with the PDCCH. PDCCH may or may not be transmitted with a PDSCH repetition. PDSCH transmissions can be soft combined after a PDCCH is successfully received
· The number of transmissions, k, is the number of PDSCH transmissions associated with the PDCCH starting with the current TTI
· FFS: Values for k
· FFS: What the UE does with PDCCHs received for the TB after a successfully received PDCCH within the repetition window

Agreement:
The UE shall discard any PDSCH assignment for a (s)TTI in a serving cell with CRC scrambled with C-RNTI, if PDSCH by means of blind repetition is being received in that (s)TTI in the same serving cell.

Agreement:
Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration. If configured, a single DCI format is used to schedule PDSCH with a given TTI length. There is a field in the DCI that indicates the number of PDSCH transmissions k associated with the DCI, where k >= 1. 
· FFS on DCI content

Working assumption:
For HARQ for repeated PDSCH transmissions, the UE shall report HARQ feedback with the timing given by the last PDSCH repetition.

Agreement:
Supporting repetition based PDSCH reception is a UE capability. 
· FFS: Details of capabilities and how they are signalled.

Please note, that the FFS on the UE behavior in case of receiving more than one PDCCH has been solved by the agreement on the UE discard behavior. Moreover, the capability /feature discussion was part of the scheduled email discussion [92b-LTE-13].  
In this contribution we provide our input on the remaining details of blind/HARQ-less PDSCH repetition.

2	HARQ-Ack reporting for blind PDSCH repetition
Overall, we see still a need for HARQ-Ack reporting for blind PDSCH repetition as based on the agreement, MBB (having potentially no repetition) and HRLLC (having potentially blind PDSCH repetition) is to be scheduled with the same DCI. Therefore, if MBB or HRLLC traffic is mapped on a PDSCH is not visible on physical layer. Thus, the UE should still provide HARQ-Ack information and it will be up to the eNB how or if this information is used for DL-SCH operation when blind PDSCH repetition is configured for a UE. 
Proposal 1: Confirm the working assumption from RAN1#92bis to support HARQ-Ack reporting for blind PDSCH repetition.   


3	Values for k and repetition DCI field size
One detail remaining is the number of transmissions k (in addition to k=1) to be supported and how this is indicated in the DCI (i.e. field definition and size).

First one should consider the possible values for k in general. Clearly, any number of k>7 does not make too much sense as this is then already again within the HARQ-RTT timing. During RAN1#92bis, mostly repetition factors for 2 to 4 have been considered, but also values up to k=6 have been mentioned. One restriction is hereby coming also from the latency target and the UE processing time. For subslot TTI, to stay within the 1ms bound a maximum of 3 repetitions as such seem to be possible there. For subframe TTI within 10ms, more than 6 transmissions do not fulfill the latency bound there either any more. 

Moreover, when trying to profit from the ability to have the PDCCH together with the first and the second transmission instance of a blind/HARQ-less PDSCH repetition burst, the signaling space will need to include k as well as k-1 (e.g. 4 and 3 for 4 total transmissions k).

Another thing is the number of bits (and states) for k we would like to add to the DCI. Having only a single bit in the DCI will basically only give the option to schedule either 1 transmission (needed for MBB operation) and a single larger value for k (with k>1). In contrast, when having 2 bits in the DCI this will enable to dynamically indicated in addition to no repetition also three different (potentially higher layer configured) repetition values. When considering varying TBS sizes (as discussed during RAN1#92bis), the eNB may need to vary the MCS and number of repetitions rather dynamically. Therefore, we see a 1bit DCI field for k to be too restrictive and 2 or more bits in the DCI are needed to provide sufficient scheduling flexibility.    


Taking all this into account, the following options could be considered: 
1. 2bit - k{1,2,3,4}: fixed mapping of k to the signaling states with one repetition granularity, kmax=4
2. 2bit - k{1,2,5,6}: this supports basically small and large repetition (kmax=6) but is missing intermediate values
3. 3bit - k{1...8}: This supports the full range of possible values up to kmax=8 (highest flexibility) but results in a rather large overhead of 3bits 
4. 2bit - k{1,k1,k2,k3}, with k1, k2 and k3 being RRC configurable from the set {2…8}


We don’t think that a repetition factor of larger than 4 needs to be supported, and therefore suggest specifying a fixed mapping of k={1,2,3,4} transmissions to be dynamically indicated by a 2bit field in the DCI. 
Proposal 2: If a UE is configured for blind/HARQ-less PDSCH repetitions by higher layers, a 2bit field indicating the blind/HARQ-less PDSCH repetition from the set k={1,2,3,4} is included in the DCI scheduling the related PDSCH.

4	DCI format for subframe PDSCH repetition
At RAN1#92bis, the following has been agreed. 
Agreement:
Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration. If configured, a single DCI format is used to schedule PDSCH with a given TTI length. There is a field in the DCI that indicates the number of PDSCH transmissions k associated with the DCI, where k >= 1. 
· FFS on DCI content

The motivation for the yellow part above has been, that the UE would not need to monitor for additional DCI sizes and therefore careful BD handling specifically for subslot TTI operation is required. 
One point that the group seems to have not considered is the operation for 1ms / subframe PDSCH with blind repetition, where already now the UE is monitoring for the DL fallback DCI (Format 1A) as well as the DL TM specific DCI format (e.g. Format 2C for TM9). Clearly, there is no need to restrict now the subframe TTI operation to only monitor for a single format scheduling PDSCH and the related agreement from RAN1#92bis needs revision in this aspect. 
Assuming the UE for subframe PDSCH operation would still monitor for two DL assignment DCI formats/sizes, the following cases could be considered: 
· Option 1: PDSCH repetition applies only to compact, fallback DCI Format 1A on USS
· Clearly, this would be in line concerning coverage & reliability issues due to the compact DCI size and having TxD support for subframe PDSCH supported. 
· Option 2: PDSCH repetition applies only to TM specific DL DCI Format
· TM specific DCI formats are rather large already (especially for TM10) – so maybe not really suited to HRLLC operation in terms of PDCCH reliability. On the other hand, this would provide more flexibility for eNB scheduling. 
· Option 3: PDSCH repetition applies to both
· Having the dynamic indication for both is possible, but seems to be not really motivated.  
· Option 4: RRC configuration, if PDSCH repetition is done through fallback Format 1A or TM specific DL DCI Format

Considering the HRLCC focus being on reliability, having the blind repetition paired with the smallest/most compact available DCI Format scheduling subframe PDSCH, namely Format 1A, seems to be the most logical choice in here. 
Also considering the needed refinement of the previous agreement, the following proposal on a revised agreement is brought forward: 
Proposal for change of previous agreement: 
Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration. If configured, a single DCI format is used to schedule PDSCH with a given TTI length. There is a field in the DCI that indicates the number of PDSCH transmissions k associated with the DCI, where k >= 1.
· If configured for slot or subslot PDSCH, a single DCI format containing this field is used to schedule slot or subslot PDSCH
· If configured for subframe PDSCH, the field is included in DCI format 1A on USS enabling blind/HARQ-less repetition and the UE (as in legacy) continues to monitor for DCI Format 1A and the DL TM specific DCI format. 

5	DCI content details for slot/subslot TTI
This still leaves the remaining question on the DCI content, i.e. if we just include the field on top of existing DCI formats or if some fields are to be removed to make the DCI more compact/smaller. 
As the focus on the ultra-reliability is very much on subslot or at least slot PDSCH, it is worth checking the content we are currently having in DCI Formats 7-1A to 7-1G. Overall, in the design for shorter TTI the DCI sizes had been made reasonably small already, not considering reliability but in terms of DL control overhead through sTTI operation.
Therefore, we do not see too much room for DCI size reduction, as the same DCI is to be used to schedule HRLLC and MBB traffic. Thus, we suggest to not remove or reduce the size of any fields in DCI formats 7-1A to 7-1G but just amend 2bits in the respective DCI format for the blind/HARQ-less PDSCH repetition. 
Proposal 3: If configured for blind/HARQ-less PDSCH repetition for slot or subslot PDSCH, the field indicating the blind/HARQ-less PDSCH repetition for slot and subslot PDSCH is amended to the Rel-15 DCI Formats 7-1A to 7-1G (without other changes).

6	Conclusions
In this contribution we discussed the remaining details on blind/HARQ-less PDSCH reliability. The discussions can be summarized in the following proposals: 
Proposal 1: Confirm the working assumption from RAN1#92bis to support HARQ-Ack reporting for blind PDSCH repetition.   
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