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1 Introduction
Regarding to the signalling of the maximum number of PDCCHs for a UE, the following FFS was mentioned in RAN1 #89 meeting [1] that:

Agreements:
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:

· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4

· To be decided next meeting

· 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

In RAN1 #90 meeting [2], the FFS about the HARQ process and PUCCH conveying ACK/NACK signalling of multiple PDCCHs reception was mentioned.

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

· 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
In 3GPP RAN Meeting #77, discussion on multi-TRP transmission is de-prioritized until Dec. 2017. So far, there is not progress on the remaining issues for multi-TRP scenarios. 
In this contribution, we provide our views on the essential features of multi-TRP/panel transmissions in the case of multiple NR-PDCCH reception and multi-TRP/panel transmissions with single-PDCCH related discussion and analysis can refer to contribution [3]. The features proposed in this contribution could be the minimum spec effort to support multi-TRP/panel transmission in the case of multiple NR-PDCCHs. 
2 Discussion
2.1 UE procedure of NR-PDCCH detection
It was agreed that the maximum supported number of NR-PDCCHs that a UE can be expected to receive in a single slot is 2, which impacts the NR-PDCCHs detection of UE. However, this is not reflected in the spec and the default NR-PDCCH number that the blind detection of NR-PDCCH stops at is unclear. 
The following method can be used to solve the above problem and reduce the UE complexity in monitoring/processing multiple NR-PDCCHs in terms of the number of blind detections.

If the number of NR-PDCCHs a UE expected to decode is not known, the UE will have to perform blind detection for all possibilities across the UE-specific search space(s). However, the actual number of NR-PDCCHs can dynamically change with the scheduling result and cannot be obtained when independent scheduling is used in non-ideal backhaul condition. Therefore, a good tradeoff between the signaling overhead and the UE complexity is to inform the UE of the maximum number of NR-PDCCHs it is expected to decode during a period of time.  The maximum number of multiple NR-PDCCH containing UE-specific DCIs to a UE can be configured by RRC signaling. The blind detection can be terminated when such number of NR-PDCCHs has been successfully decoded.  This method can well support the switch between single/multiple TRP(s) transmission, among different number of TRPs for NC-JT and from one transmission scheme to another, e.g. from NC-JT to DPS.
Therefore, NR can consider a signalling for the maximum number of multiple NR-PDCCHs containing UE-specific DCIs via RRC signalling, which specifies the UE behavior of NR-PDCCH detection.
Proposal 1: Text proposal for Section 10.1 of 38.213

--------------------------------------Start of Text Proposal ----------------------------------------------

-------------------------------------Unchanged parts omitted --------------------------------------------

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 ----------------------------------------
2.2 PUCCH conveying ACK/NACK signalling of multiple PDCCHs reception
For multiple NR-PDCCH reception, independent NR-PUCCH transmission for ACK/NACK signalling associated with each of multiple NR-PDSCH can be used 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 [4].  
Observation 1: The correspondence between ACK/NACK carrying on PUCCH and the scheduled PDSCH can be implemented without further spec change in R15.

2.3 HARQ process of multiple NR-PDCCHs reception

For multiple NR-PDCCH reception, UE should handle data in different NR-PDSCHs in separate HARQ process sets, otherwise the ambiguity of HARQ process number indicated in DCIs scheduling NR-PDSCHs from different TRPs will lead to errors in HARQ related operations. It is necessary for UE to distinguish NR-PDCCHs scheduling NR-PDSCHs from different TRPs and handle the NR-PDSCHs properly in corresponding HARQ process sets. 

The discrimination can be achieved by implementation of gNB. For example, all the HARQ process numbers can be divided into two groups, and the two TRPs use HARQ process numbers in different groups. However, this solution will lead to the problem that HARQ process numbers are not enough for each TRP unless increasing the total HARQ process numbers.
Observation 2: For multi-TRP transmission, HARQ process indications for multiple PDCCHs can be achieved without increasing the number of HARQ processes and further spec change in R15.
This problem can also be solved by existing features of NR without increasing any signalling or HARQ process number, such as DMRS port groups. From the DMRS port indicated in each DCI, UE can infer the DMRS group which the DMRS port belonging to with the configuration of DMRS groups by higher layer. The HARQ processes for a UE can be divided into two independent sets, with each set associated with a DMRS group. For each DCI a UE receives, the UE obtains the HARQ process number and the DMRS group indicated in the DCI, then the UE can handle the NR-PDSCH scheduled by the DCI in the correct HARQ process. 

With this method, the range of HARQ process numbers for all TRPs can be the same, and different transmitting TRPs do not have to avoid the collision of HARQ process numbers. Discrimination based on implicit indication need no more signalling, no more HARQ process number in DCI, and no more HARQ processes and corresponding buffers needed for UEs. Therefore NR can consider handling HARQ processes from each respective NR-PDCCH using a respective HARQ process set based on implicit indication for multiple NR-PDCCH reception, which can be supported only by specifying the UE procedure of handling the HARQ process number in DCIs.
2.4 DMRS port indication
It has been agreed that NR supports 1 or 2 DMRS groups, in which DMRS ports within one DMRS group are QCL-ed while DMRS ports from different DMRS groups are non-QCLed. For multi-TRP scenario, the DMRS ports of different TRPs are generally considered as non-QCLed and thus will belong to different DMRS groups. In this way, a UE in multi-TPR transmission will receive DMRS ports from different DMRS groups which is indicated by DCI signaling. 

So far, the DMRS port indication of section 7.3.1.2.2 in TS38.212  (intended for single TRP scenario) can already support the port scheduling of some use cases for multi-TRP scenario. For example, for DMRS configuration type 2, assume DMRS ports {0,1,6,7} belong to DMRS group 1 and {2,3,4,5,8,9,10,11} belong to DMRS group 2. For multi-TRP with multi-PDCCHs, a UE can be scheduled with the entries {0,1} and {2,3} by two DCI signals respectively, where TRP-1 uses {0,1} and TRP-2 uses {2,3} for data transmission. 
Observation 3：DMRS port indication of section 7.3.1.2.2 in TS38.212 can already support some use cases of multi-TRP transmission in R15.
3 Conclusion
This contribution discusses some essential remaining issues on multi-TRP/panel operation. In summary, the following Observations and text proposals are made.
Observation 1: The correspondence between ACK/NACK carrying on PUCCH and the scheduled PDSCH can be implemented without further spec change in R15.

Observation 2: For multi-TRP transmission, HARQ process indications for multiple PDCCHs can be achieved without increasing the number of HARQ processes and further spec change in R15.
Observation 3：DMRS port indication of section 7.3.1.2.2 in TS38.212 can already support some use cases of multi-TRP transmission in R15.
Proposal 1: Text proposal for Section 10.1 of 38.213

--------------------------------------Start of Text Proposal ----------------------------------------------

-------------------------------------Unchanged parts omitted --------------------------------------------

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 ----------------------------------------
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