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1 Introduction

In 3GPP RAN Meeting #77, discussion on multi-TRP transmission using multiple PDCCHs is de-prioritized until Dec. 2017. So far, there is no progress on remaining issues for multi-TRP transmissions, particularly for PDCCH related issues in addition to the following agreements:
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS the case of multiple BWPs for the component carrier if supported
· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs
· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH. 

· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:

· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management

· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH

· Note: this topic is more suitable for discussion under scheduling/HARQ session

This contribution provides our views on remaining issues of PDCCH designs for Multi-TRP transmissions following our discussions in [1]. 
2 PDCCH design for multi-TRP transmission
According to previous agreements in RAN1 meeting, different scenarios including TRPs connected with ideal and non-ideal backhaul link, co-located TRPs and the case of non-co-located TRPs, TRPs with same and different cell IDs, etc. are considered. As a summary, following three scenarios should be supported in Rel-15.

· Scenario 1:Co-located TRPs with ideal backhaul link with same/different cell IDs

· Scenario 2: Non-co-located TRPs with ideal backhaul link with same/different cell IDs

· Scenario 3: Non-co-located TRPs with non-ideal backhaul link with different cell IDs

· Note: In Rel-15, multi-TRP transmission is only supported for low-frequency band, not for high-frequency band.
Moreover, as mentioned in the introduction based on the supported scenarios, the transmissions of PDCCH can be divided into following two cases, i.e. single PDCCH for multi-TRP transmission, and multiple PDCCHs for multi-TRP transmission, which are all supported in Rel-15. However, in current version of 38.213, the description of one or more PDCCHs reception has not been captured. Therefore, a text proposal for one or more PDCCHs reception is given in Appendix.

2.1 Multiple PDCCHs for multi-TRP transmission
In the case of multiple PDCCHs, different PDCCHs can be used for independently scheduling PDSCHs  and related UL transmissions from/for different TRPs. In addition, the serving TRPs can be non-transparent/transparent to a UE. For the non-transparent cases, inter-/intra frequency dual connectivity (DC) framework can be referred. However, for transparent cases, the signaling for the number of actual transmitted PDCCHs, handling of HARQ processes and corresponding UL transmissions should be further discussed in RAN1. 
2.1.1 Signalling for transmitted PDCCHs 
As mentioned above, the number of transmitted PDCCHs can be one or two. Accordingly, UE has to blindly decode all PDCCH candidates in the configured search space set(s) to receive the actually transmitted PDCCH. In order to reduce the complexity of blind decodings, the signaling of the number of PDCCHs to be monitored should be indicated. If the number of PDCCH to be monitored is configured to 1, UE will stop the blind decoding after one PDCCH has been correctly decoded. Moreover, such design will facilitate energy-saving and reduction of decoding complexity when switching is happened between single and multi-TRP transmissions or from one transmission scheme to another, e.g., from NC-JT to DPS. 
Moreover, since the served TRPs are transparent to a UE, UE may not know the number of served TRPs, as a result, the UE cannot distinguish the received number of PDCCHs by the number of served TRPs. Therefore, based on the current agreement, the simplest way would be to explicitly indicate the number of the PDCCHs to be monitored to reduce the number of blind decodings, if no signaling for multi-TRP transmissions is specified further. 
Proposal 1: It should be captured in TS 38.213 that a UE can be configured to receive up to 2 NR-PDCCH(s) scheduling unicast NR-PDSCH(s) in a single slot for multi-TRP transmission. 
·     Explicit indication of number of PDCCHs (<=2) to be monitored in a single slot for unicast PDSCH transmission should be supported by UE-specific signaling. 
The corresponding Text proposal is given in Appendix, in which the relationship between CW and PDCCH(s) is added in TS38.211.
2.1.2 Number of CWs 

For NC-JT, in RAN1 #90 meeting a working assumption was achieved that in the case of UE expecting to receive 2 PDCCHs in a single slot, at most a total of 2 CWs over the scheduled NR-PDSCHs. In order to avoid introducing further complexity for a UE (i.e. enlarged buffer sizes, and complicated HARQ process handling etc.), the above working assumption is confirmed. 
The indication between the CWs and antenna ports should also be specified, i.e. QCL relations between CWs and DMRS groups. The benefit for one CW associated with more than one of DMRS groups is marginal i.e. the same CW is transmitted by different TRPs, since only one MCS is shared with two different TRPs. Moreover, the signaling design may be complicated. Therefore, it is preferred that a DMRS group can only associate with one of the CWs i.e. one CW is transmitted from one TRP, and the relations should be indicated by the corresponding PDCCH. 

Proposal 2: Confirm the following working assumption achieved in RAN1 #90 meeting:

· At most a total of 2 CWs over the scheduled NR-PDSCHs.  
The corresponding Text proposal is given in Appendix, in which the relationship between CW and PDCCH(s) is added in TS38.211.
2.1.3 Consideration on HARQ processes 

The number of HARQ processes in the case of multiple PDCCH/PDSCH can be the same as single PDCCH case, without more efforts in supporting multiple PDCCHs transmissions. It is intuitively to have independent HARQ processes for each independent link in NC-JT, or, in the other alternatives rely on implementations as mentioned in [2].
Observation 1: For multi-TRP transmission, HARQ process indications for multiple PDCCHs can be achieved without increasing the number of HARQ processes.
2.1.4  Consideration on UL transmission

For independent transmission of multiple PDCCHs and the corresponding multiple NR-PDSCHs, independent NR-PUCCH transmission for ACK/NACK signalling and UE CQI report associated with each of multiple NR-PDSCH should be supported in NR. The overlapping of transmission occasions between PUSCH and PUCCH can be avoided by relying on implementations in multi-TRP transmission, when PUSCH and PUCCH are aimed for different TRPs. In addition, the UE follows TPC commands from multiple PDCCH for each of the multiple NR-PUCCH independently. 
Observation 2: The correspondence between ACK/NACK carrying on PUCCH and the scheduled PDSCH can be independent and implemented reusing the mechanism of single PDCCH.
2.1.5  Further considerations with a single cell 
In the case of single cell, only a single physical cell ID is available for a UE. The identification of PDCCH/PDSCH for multi-TRP transmissions may not rely on the physical cell ID. 
The first one is the configuration flexibility for each PDCCH which may be transmitted from different TRPs. For example, PDCCH from different TRPs passing different transmission link quality may need flexible configurations for different PDCCH monitoring. Based on the existing PDCCH design, this can be solved by respective CORESET configuration for each PDCCH. One simple solution is to configure different CORESET(s) for one specific NR-PDCCH because the existing CORESET design supports flexible configurations including QCL (i.e beam), DMRS ID, bundling size and related search space (i.e. candidate number and aggregation level). Therefore, based on the association configuration between specific CORESET(s) and NR-PDCCH, UE can easily identify each NR-PDCCH.  
Observation 3: For multiple NR-PDCCH reception for multi-TRP transmission, NR support monitoring different NR-PDCCH from different CORESETs.

3 Conclusion
The contribution provides our views remaining issues on PDCCH designs for multi-TRP transmissions, including single/multiple PDCCH transmissions. Based on discussion above, it comes to the following observations and proposals:
Observation 1: For multi-TRP transmission, HARQ process indications for multiple PDCCHs can be achieved without increasing the number of HARQ processes.
Observation 2: The correspondence between ACK/NACK carrying on PUCCH and the scheduled PDSCH can be independent and implemented reusing the mechanism of single PDCCH.
Observation 3: For multiple NR-PDCCH reception for multi-TRP transmission, NR support monitoring different NR-PDCCH from different CORESETs.

Proposal 1: It should be captured in TS 38.213 that a UE can be configured to receive up to 2 NR-PDCCH(s) scheduling unicast NR-PDSCH(s) in a single slot for multi-TRP transmission. 
·     Explicit indication of number of PDCCHs (<=2) to be monitored in a single slot for unicast PDSCH transmission should be supported by UE-specific signaling. 
Proposal 2: Confirm the following working assumption achieved in RAN1 #90 meeting:

· At most a total of 2 CWs over the scheduled NR-PDSCHs.  
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Appendix
Text proposal in 38.213 v15.0.0
--------------------------------------Start of Text Proposal ----------------------------------------------

10.1
UE procedure for determining physical downlink control channel assignment 
-------------------------------------Unchanged parts omitted --------------------------------------------

For one configured downlink bandwidth part (BWP), as described in Subclause 12, a UE can be configured to receive up to 2 NR-PDCCH(s) scheduling unicast NR-PDSCH(s) in a single slot. In case of receiving 2 PDCCH(s), one UE assumes at most 2 codewords can be scheduled by PDCCHs within one slot.
------------------------------- End of Text Proposal --------------------------------------
