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1. Introduction

In RAN1#92bis meeting, the following agreements and working assumption were made for blind/HARQ-less PDSCH repetition.[1]:
	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:
Supporting repetition based PDSCH reception is a UE capability.
· FFS: Details of capabilities and how they are signalled.
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.


In this contribution, we discuss aspects on blind/HARQ-less PDSCH repetition for URLLC.
2. Blind/HARQ-less repetition of PDSCH
2.1. PDSCH rate-matching around PDCCH
Based on the agreements made in RAN1#92bis meeting, there is an issue related to PDSCH rate-matching around PDCCH for blind/HARQ-less PDSCH repetition. Once a PDSCH assignment scheduling blind/HARQ-less PDSCH repetition is detected and decoded, UE shall discard any PDSCH assignment during the remaining TTIs in a serving cell with CRC scrambled with C-RNTI if PDSCH by means of blind/HARQ-less PDSCH repetition is being received for those TTIs in the same serving cell. It means that a definite rule is needed in order to apply PDSCH rate-matching around PDCCH for the remaining TTI(s) in which DCI is discarded or not detected during the corresponding blind/HARQ-less PDSCH repetition. 
The first candidate solution is that dynamic PDSCH rate-matching around PDCCH is only applied to the TTI in which PDSCH assignment scheduling blind/HARQ-less PDSCH repetition is detected and decoded, and RRC configured rate-matching mode is applied to the remaining TTI(s) during which the corresponding blind/HARQ-less PDSCH repetition is transmitted. 
The second candidate solution is that only RRC configured rate-matching mode is applied when the blind/HARQ-less PDSCH repetition is being conducted, which is less flexible solution. 
However, there is one more consideration point regarding the ‘used/unused SPDCCH resource indication’ field. The ‘used/unused SPDCCH resource indication’ field in DCI is present if the DCI is mapped to SPDCCH and L1-based reuse indication is configured by higher layers. The corresponding field is not present in DCI if DCI is mapped to PDCCH in the first subslot/slot within a subframe. Therefore, dynamic PDSCH rate-matching around PDCCH cannot be applied even though L1-based reuse indication is configured by higher layers if the DCI scheduling blind/HARQ-less PDSCH repetition is mapped to PDCCH. Therefore, the first candidate solution mentioned above can be applied to the case if the ‘used/unused SPDCCH resource indication’ field is present in DCI. Otherwise, the second candidate solution also mentioned above can be applied and UE may not be expected to be configured with some of the modes for RRC configured rate-matching.
Proposal 1:

· If ‘used/unused SPDCCH resource indication’ field is present in PDSCH assignment scheduling blind/HARQ-less PDSCH repetition,

· dynamic PDSCH rate-matching around PDCCH is only applied to the TTI in which PDSCH assignment scheduling blind/HARQ-less PDSCH repetition is detected and decoded, and RRC configured rate-matching mode is applied to the remaining TTI(s) during which the corresponding blind/HARQ-less PDSCH repetition is being transmitted.

· If ‘used/unused SPDCCH resource indication’ field is not present in PDSCH assignment scheduling blind/HARQ-less PDSCH repetition,

· RRC configured rate-matching mode is applied for the entire TTI(s) during which blind/HARQ-less PDSCH repetition is conducted.
2.2. DCI discard rule

PDCCH may or may not be transmitted with a PDSCH repetition according to the previous agreement. Then, there occurs an ambiguity on UE behavior for a certain case. For example, eNB transmits PDCCH in TTI #n, which schedules blind/HARQ-less repetition with k = 4. Then, eNB can also transmit PDCCH in TTI #n+1, #n+2, #n+3, and #n+4 with k = 4, 3, 2, and 1, respectively, in order to ensure k PDSCH transmissions if UE once successfully decodes PDSCH assignment. If UE successfully detects and decodes a PDSCH assignment in TTI #n, any PDCCH received in #n+1, #n+2, #n+3 would be discarded for the serving cell. However, a PDSCH assignment transmitted in TTI #n+4 would not be discarded, and causes an ambiguity on UE behavior related to HARQ-ACK transmission for the corresponding TB. Therefore, UE shall discard PDSCH assignment(s) until retransmission for the blind/HARQ-less PDSCH repetition can be transmitted considering processing timing if the PDSCH assignment(s) is(are) received after the blind/HARQ-less PDSCH repetition is successfully received, and include(s) the same HARQ process ID and NDI value as that in the PDSCH assignment for the corresponding blind/HARQ-less PDSCH repetition.
Proposal 2:

· UE shall discard PDSCH assignment(s) until retransmission for the blind/HARQ-less PDSCH repetition can be transmitted considering processing timing
· if the PDSCH assignment(s) is(are) received after the blind/HARQ-less PDSCH repetition is successfully received, and include(s) the same HARQ process ID and NDI value as that in the PDSCH assignment for the corresponding blind/HARQ-less PDSCH repetition.
2.3. DMRS sharing
Regarding DMRS sharing, there are some restrictions according to the sTTI specification. DL DMRS can only be shared between two consecutive sTTIs during which the DMRS is located in the first subslot of the two for the same UE for sub-slot sPDSCH.
How to interpret DMRS position indicator field needs to be clarified for blind/HARQ-less PDSCH repetition. If DMRS position for blind/HARQ-less PDSCH repetition is determined by the indication in the corresponding PDSCH assignment, it may be possible to indicate either of the following two states: DMRS in every TTI or DMRS in every two TTI. In case a PDSCH assignment in subslot #n indicates that DMRS will be in every two TTI starting from subslot #n, then eNB cannot transmit another DCI in subslot #n+1, #n+3, and so on. If we consider that DMRS position is fixed based on the TTI index regardless of the starting TTI of PDSCH repetition, DMRS position field should have different value according to the TTI where the corresponding DCI is transmitted (if several DCI scheduling the same blind/HARQ-less PDSCH repetition is transmitted). In other words, two different states are needed to indicate a single DMRS location (or pattern), and thus at least three states are needed in total to indicate the “no sharing” and single DMRS location (or pattern). Then, the size of 1-bit DMRS position field should be increased, which degrades the control channel reliability. Therefore, it would be difficult to apply DMRS sharing for blind/HARQ-less PDSCH repetition without any modification of the current DCI signaling or scheduling restriction.

One potential solution is not to allow DMRS sharing for blind/HARQ-less PDSCH repetition. In this case, the current DMRS position field can be used as virtual CRC or set as an optional field depending on whether blind/HARQ-less PDSCH repetition is configured or not. Alternatively, the corresponding field can be used to indicate DMRS time bundle in order to improve channel estimation performance.
Proposal 3:

· DMRS sharing is not supported for blind/HARQ-less PDSCH repetition with k > 1 considering the restriction in sTTI specification.

· Down-selects among
· Pre-defined value is indicated in DMRS position field and can be used as virtual CRC.
· DMRS position field is optional.

· DMRS position field is used to indicate DMRS time bundle
2.4. Blind/HARQ-less PDSCH repetition across subframe boundary
Considering the previous agreements, PDCCH indicates the number of PDSCH transmissions, k, associated with the PDCCH starting with the TTI in which the corresponding PDSCH assignment is transmitted. Then, if the CFI value is set to be 2 or 3 which in turn the first sTTI in the subframe cannot be used for transmitting PDSCH, it seems that a clarification is needed. Because the agreed definition of k is the number of PDSCH transmission, UE is not expected to receive blind/HARQ-less PDSCH repetition in the invalid TTI mentioned above and shall receive k PDSCH excluding the invalid TTI as illustrated from the example in Figure 1.
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Figure 1: Example of the case when CFI = 2 and k = 3
Furthermore, different TM configured for different subframe type causes a problem to a UE for decoding the PDSCH repetition in the latter subframe if blind/HARQ-less PDSCH repetition is conducted across subframe boundary. For example, if a UE is configured with TM 4 and 9 for non-MBSFN and MBSFN subframe, respectively, and if blind/HARQ-less PDSCH repetition is conducted across two subframes during which a non-MBSFN subframe is followed by a MBSFN subframe, UE needs to know some information for decoding the PDSCH repetition in the MBSFN subframe with TM 9 (e.g., Antenna port(s), number of layers, scrambling identity). However, that information cannot be indicated to a UE since PDSCH assignment received at TTI in the non-MBSFN subframe would be with a DCI format to be monitored in non-MBSFN subframe and the UE shall discard any PDSCH assignment during the remaining TTIs as mentioned above. There are several candidate solutions to deal with this issue as below.
· UE is not expected that blind/HARQ-less repetition is conducted across subframe boundary.
· For a serving cell, UE is not expected to be configured with different TMs between non-MBSFN and MBSFN subframes if blind/HARQ-less PDSCH repetition is configured.
· Necessary information for decoding blind/HARQ-less PDSCH repetition in the latter subframe (if conducted) is RRC configured.
· UE assumes that PDSCH repetition follows TM configured in each subframe. The UE obtains necessary information via decoding another PDSCH assignment in the first sTTI in the latter subframe with different TM.
Proposal 4:

· Regarding blind/HARQ-less PDSCH repetition across subframe boundary, down-selects among
· Option 1: UE is not expected that blind/HARQ-less repetition is conducted across subframe boundary.
· Option 2: For a serving cell, UE is not expected to be configured with different TMs between non-MBSFN and MBSFN subframes if blind/HARQ-less PDSCH repetition is configured.
· Option 3: Necessary information for decoding blind/HARQ-less PDSCH repetition in the latter subframe (if conducted) is RRC configured.
· Option 4: UE assumes that PDSCH repetition follows TM configured in each subframe. The UE obtains necessary information via decoding another PDSCH assignment in the first sTTI in the latter subframe with different TM.
Regarding TM 10 operation, similar issue may happen due to PQI information. When blind/HARQ-less PDSCH repetition is conducted across subframe boundary, the PQI for the latter subframe cannot dynamically be indicated to a UE because it shall discard any PDSCH assignment during the remaining TTIs as mentioned above (and assuming no addition of DCI field/size for the indication of PQI for both subframes). Several candidate solutions to deal with this issue can be considered. First of all, dynamic change of TP during blind/HARQ-less PDSCH repetition seems challenging considering the necessary modification of DCI. It seems that changing TP during blind/HARQ-less PDSCH repetition by configuring different PQI with RRC is not a practical scenario because it anyway cannot guarantee that the configured TP is the most suitable one at the corresponding time.
Proposal 5:

· UE is not expected that blind/HARQ-less PDSCH repetition is conducted by different TPs.

Even if TP is not changed during blind/HARQ-less PDSCH repetition, UE needs PQI for the latter subframe when blind/HARQ-less PDSCH repetition is conducted across subframe boundary because IMR or ZP CSI-RS configuration can be changed. Therefore, following solutions can be considered.
·  UE assumes the PQI included in the PDSCH assignment scheduling the corresponding blind/HARQ-less PDSCH repetition also in the latter subframe.
·  Necessary PQI for decoding blind/HARQ-less PDSCH repetition in the latter subframe (if conducted) is RRC configured.
·  UE assumes the union of higher layer configured PQI states corresponding to the same qcl-CSI-RS-ConfigNZPId (if multiple states corresponding to the same qcl-CSI-RS-ConfigNZPId exist) in the latter subframe.

· The corresponding qcl-CSI-RS-ConfigNZPId can be derived from the PQI included in the PDSCH assignment scheduling the corresponding blind/HARQ-less PDSCH repetition.
Proposal 6:

· Regarding TM 10 operation with blind/HARQ-less PDSCH repetition across subframe boundary, down-selects among
· Option 1: UE assumes the PQI included in the PDSCH assignment scheduling the corresponding blind/HARQ-less PDSCH repetition also in the latter subframe.

· Option 2: UE assumes the union of higher layer configured PQI states corresponding to the same qcl-CSI-RS-ConfigNZPId (if multiple states corresponding to the same qcl-CSI-RS-ConfigNZPId exist) in the latter subframe.

· The corresponding qcl-CSI-RS-ConfigNZPId can be derived from the PQI included in the PDSCH assignment scheduling the corresponding blind/HARQ-less PDSCH repetition.
2.5. UE capability
It was agreed to define UE capability on the support of blind/HARQ-less PDSCH repetition, however, the detail is FFS. In our understanding, UE capability on blind/HARQ-less PDSCH repetition should be defined separately per each DL TTI length, otherwise from eNB side a UE will be distinguished between whether the UE is capable or not of blind/HARQ-less PDSCH repetition for all TTI lengths (i.e., all or nothing). One question would be “can we say that once a UE is configured with DL TTI length for a serving cell, blind/HARQ-less PDSCH repetition can be also supported by the UE for the serving cell with that DL TTI length?”. This seems highly related to UE behavior with blind/HARQ-less PDSCH repetition, and considering no overriding of a DCI followed by the first decoded DCI or additional buffering, our answer is likely to be yes. In summary, it would be sufficient to define UE capability on the support of blind/HARQ-less PDSCH repetition separately per each DL TTI length. 

Proposal 7: 

· UE capability on blind/HARQ-less PDSCH repetition should be defined separately per each DL TTI length.
3. Conclusions

In this contribution, we discussed some issues which are derived from the agreements made in RAN1#92bis meeting on blind/HARQ-less PDSCH repetition. Based on the above discussion, our proposals are given as follows:

Proposal 1:

· If ‘used/unused SPDCCH resource indication’ field is present in PDSCH assignment scheduling blind/HARQ-less PDSCH repetition,

· dynamic PDSCH rate-matching around PDCCH is only applied to the TTI in which PDSCH assignment scheduling blind/HARQ-less PDSCH repetition is detected and decoded, and RRC configured rate-matching mode is applied to the remaining TTI(s) during which the corresponding blind/HARQ-less PDSCH repetition is being transmitted.

· If ‘used/unused SPDCCH resource indication’ field is not present in PDSCH assignment scheduling blind/HARQ-less PDSCH repetition,

· RRC configured rate-matching mode is applied for the entire TTI(s) during which blind/HARQ-less PDSCH repetition is conducted.
Proposal 2:

· UE shall discard PDSCH assignment(s) until retransmission for the blind/HARQ-less PDSCH repetition can be transmitted considering processing timing
· if the PDSCH assignment(s) is(are) received after the blind/HARQ-less PDSCH repetition is successfully received, and include(s) the same HARQ process ID and NDI value as that in the PDSCH assignment for the corresponding blind/HARQ-less PDSCH repetition.
Proposal 3:

· DMRS sharing is not supported for blind/HARQ-less PDSCH repetition with k > 1 considering the restriction in sTTI specification.

· Down-selects among

· Pre-defined value is indicated in DMRS position field and can be used as virtual CRC.

· DMRS position field is optional.

· DMRS position field is used to indicate DMRS time bundle
Proposal 4:

· Regarding blind/HARQ-less PDSCH repetition across subframe boundary, down-selects among
· Option 1: UE is not expected that blind/HARQ-less repetition is conducted across subframe boundary.
· Option 2: For a serving cell, UE is not expected to be configured with different TMs between non-MBSFN and MBSFN subframes if blind/HARQ-less PDSCH repetition is configured.
· Option 3: Necessary information for decoding blind/HARQ-less PDSCH repetition in the latter subframe (if conducted) is RRC configured.
· Option 4: UE assumes that PDSCH repetition follows TM configured in each subframe. The UE obtains necessary information via decoding another PDSCH assignment in the first sTTI in the latter subframe with different TM.
Proposal 5:

· UE is not expected that blind/HARQ-less PDSCH repetition is conducted by different TPs.

Proposal 6:

· Regarding TM 10 operation with blind/HARQ-less PDSCH repetition across subframe boundary, down-selects among
· Option 1: UE assumes the PQI included in the PDSCH assignment scheduling the corresponding blind/HARQ-less PDSCH repetition also in the latter subframe.

· Option 2: UE assumes the union of higher layer configured PQI states corresponding to the same qcl-CSI-RS-ConfigNZPId (if multiple states corresponding to the same qcl-CSI-RS-ConfigNZPId exist) in the latter subframe.

· The corresponding qcl-CSI-RS-ConfigNZPId can be derived from the PQI included in the PDSCH assignment scheduling the corresponding blind/HARQ-less PDSCH repetition.
Proposal 7: 

· UE capability on blind/HARQ-less PDSCH repetition should be defined separately per each DL TTI length.
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