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1. Introduction

In the past RAN1 meetings, M-TRP/panel based URLLC enhancement was discussed and five diversity transmission schemes (Scheme 1a/2a/2b/3/4) were agreed with the following details:
Agreement

For single-DCI based M-TRP URLLC scheme 2a and 2b support following design: 
· Comb-like frequency resource allocation between/among TRPs. For wideband PRG, first ⌈N_RB/2⌉ RBs are assigned to TCI state 1 and the remaining ⌊N_RB/2⌋ RBs are assigned to TCI state 2. For PRG size=2 or 4, even PRGs within the allocated FDRA are assigned to TCI state 1 and odd PRGs within the allocated FDRA are assigned to TCI state 2. 

Agreement

PDSCH repetition indication mechanism: 

· For indication on the number of repetition occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis

· Option 1: It is dynamically indicated e.g. by reusing the proposed indication mechanism for PUSCH repetition in eURLLC

· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions

· For indication on the number of repetition occasions for scheme 4, select one of the following in RAN1#98bis

· Option 1: It is dynamically indicated 

· Option 2: By high-layer signaling following Rel-15 mechanism 

Email discussion on the details of PDSCH repetition indication mechanism by 6th of Sep Min (Huawei)
Agreement

For single-DCI based M-TRP URLLC schemes 2a/2b/3/4, indicated DMRS ports are from one CDM group.
In this contribution, we discuss the control signaling design to support above enhancement for URLLC.
2. Discussion
For eMBB, DCI format 1-1 will be reused with enhancements on some fields (e.g. TCI, antenna port indication, etc) for single DCI based NC-JT transmission. We need further discussion on signaling design for the schemes agreed for multi-TRP based URLLC transmission. One option is to re-use the DCI format 1-1, while another option is to use the new DCI format agreed in eURLLC agenda for data scheduling. Considering one of the design principles of URLLC schemes is reusing the eMBB conclusion as much as possible, it is proposed to use the same DCI format for both eMBB and URLLC in multiple TRP transmission to simplify the specification effort.
· From the perspective of specification, the signalling needed for supporting the agreed schemes for URLLC is similar to that needed for NC-JT-based eMBB. The DCI signalling for indicating two TCI states and indicating DMRS port table for multiple TRP transmission is same to that for single DCI based NC-JT and diversity transmission. For scheme 1a, no additional specification effort is needed if the same DCI format is used. For scheme 2-4, the same DCI format as eMBB can also be reused without enhancement on any field with appropriate design.
· From the perspective of RAN1 scheduling, both Rel-16 MIMO and eURLLC WI are expected to be finished in November meeting. If the signalling design for the diversity schemes is finished in the last meeting, it is difficult for eURLLC WI to capture the MIMO conclusion in the signalling design for URLLC, for example, introducing new DCI field in the URLLC specific DCI format.
Proposal 1: The agreed diversity schemes to support URLLC for multi-TRP/panel transmission are scheduled by the same DCI format(s) as single DCI based NC-JT.
Five different schemes (1a/2a/2b/3/4) were agreed for URLLC enhancement by now. gNB needs to indicate the scheme to UE according to the latency/reliability requirement and channel state is still an open issue. In principle, the signalling overhead especially the impact on DCI signalling of indicating/configuring signalling design for URLLC schemes should be minimized. The current signalling specified in Rel15 should be reused as much as possible.

For SDM (scheme 1a), two TCI states and two CDM groups will be configured, while For TDM (scheme 3/4)/FDM (scheme 2a/2b), two TCI states and only one CDM group can be configured. Therefore, the number of CDM group(s) can be used to implicitly differentiate SDM and TDM/FDM. For indication between TDM and FDM, we can consider the following two solutions: 

· Alt1-1: higher layer signaling. Since TDM and FDM are targeting different traffic requirements (typically TDM for high reliability and FDM for low latency), higher layer signaling is sufficient to configure the transmission scheme.
· Alt1-2: Reusing unused DCI bit or indication state. To minimize the DCI signaling overhead, it is preferred not to introduce new DCI field to indicate the scheme. Reversed bit or indication state in current DCI format 1_1 can be reused. For example, since only single TB is supported for URLLC, the NDI bit for disabled TB can be reused to indicate FDM/TDM.
For the two FDM schemes, scheme 2a and 2b, similarly two solutions of either higher layer signalling or reusing current DCI can also be considered. However, if UE reports that soft combining is not supported for scheme 2b, the performance of scheme 2b can be significantly degraded and scheme 2a can be used by default. If the signalling is needed in this case needs further study.

For scheme 3 and 4, considering they are targeting different latency requirement, semi-statistic configuration is sufficient. Straightforwardly, the RRC signalling used to indicate the repetition/slot number of scheme 4 (e.g. reusing current PDSCH slot aggregation factor in Rel-15) can be reused to implicitly differentiate these two schemes. For example, when only one repetition/slot is configured by the parameter and two TCI states are indicated, scheme 3 will be adopted, while scheme 4 will be used if multiple repetitions/slots are configured. 
To be specific, Table 1 and Table 2 provide two alternatives to configure different URLLC schemes. One of them can be applied to achieve low signalling overhead.
Table 1: Example 1 for configuration of URLLC schemes
	Case
	No. of TCI states
	No. of indicated CDM group
	NDI for disabled TB
	RRC parameter indicating repetition number of scheme 4
	RRC parameter indicating FDM scheme
	URLLC scheme

	1
	1
	1/2/3
	-
	-
	-
	Rel-15 (single TRP)

	2
	2
	2
	-
	-
	-
	1a

	3
	2
	1
	0
	-
	0
	2a

	4
	2
	1
	
	
	1
	2b

	5
	2
	1
	1
	1
	-
	3

	6
	2
	1
	
	2/4/8
	-
	4


Table 2: Example 2 for configuration of URLLC schemes
	Case
	No. of TCI states
	No. of indicated CDM group
	RRC parameter indicating TDM/FDM
	RRC parameter indicating repetition number of scheme 4
	NDI for disabled TB
	URLLC scheme

	1
	1
	1/2/3
	-
	-
	-
	Rel-15 (single TRP)

	2
	2
	2
	-
	-
	-
	1a

	3
	2
	1
	0
	-
	0
	2a

	4
	2
	1
	
	
	1
	2b

	5
	2
	1
	1
	1
	-
	3

	6
	2
	1
	
	2/4/8
	-
	4


Proposal 2: Use signaling in Table 1 or Table 2 to indicate different diversity schemes.
3. Conclusion

In this contribution, we discuss the control signaling design to support the agreed diversity schemes for multi-TRP/panel based URLLC with the following two proposals:
Proposal 1: The agreed diversity schemes to support URLLC for multi-TRP/panel transmission are scheduled by the same DCI format(s) as single DCI based NC-JT.

Proposal 2: Use signaling in Table 1 or Table 2 to indicate different diversity schemes.
