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1. Introduction

Rel-16 enhancement on MIMO WID includes objectives of enhancing multi-TRP/Panel transmission with ideal and non-ideal backhaul. During the work of rel-16, designs for multiple-PDCCH based and single-PDCCH based multi-TRP/Panel transmission were discussed and specified. This document provides the discussion for Issue #b-6 in multi-TRP email thread 1:
· Issue #b-6: Default TCI-state for PDSCH of Scheme 3 and Scheme 4
Issue#b-6: Default TCI-state for PDSCH of Scheme 3 and Scheme 4

Background: 
As specified in TS 38.214, the UE applies default TCI states of single-DCI based M-TRP on PDSCH of single-DCI based transmission the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL. Companies [1] [7] [8] [11] [13] [14] [15] [16] [17] proposed designs of default TCI state particularly for PDSCH of URLLC scheme 3 and scheme 4.  Their proposal can be summarized as the following three different categories:
1) vivo [1], Ericsson [17] and Lenovo [7] proposed to use the offset of each PDSCH transmission occasion to determine whether default TCI state(s) shall be applied or not.  
· Both vivo [1] and Ericsson [17] proposed that default TCI state(s) of single-DCI based M-TRP shall be applied based on the offset per PDSCH transmission occasion in Scheme 3 (proposed by [1]) or Scheme 4:
· For a PDSCH transmission occasion with offset < timeDurationForQCL, one of the default TCI states of single-DCI based M-TRP is applied. The mapping between default TCI states and PDSCH transmission occasion follows the mapping rule between the indicated TCI states and PDSCH transmission occasion. 
· For a PDSCH transmission occasion with offset >= timeDurationForQCL, one of the indicated TCI state is applied. 
· Lenovo [7] proposed to specify the case when the indicated RepNumR16 is > 2 and CycMapping or SeqMapping is configured for scheme 4:
i. When RepNumR16 is > 2  and CycMapping is configured: 
· if the scheduling offset between the reception of the DL DCI and the first PDSCH is less than the threshold timeDurationForQCL, while the scheduling offset between the reception of the DL DCI and the second PDSCH equal to or greater than the threshold timeDurationForQCL, the first TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states and the second indicated TCI state by the TCI field in the scheduling DCI are applied to the first and second PDSCH transmission occasions, respectively, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions. Otherwise, if the scheduling offset between the reception of the DL DCI and the second PDSCH is less than the threshold timeDurationForQCL(the scheduling offset between the reception of the DL DCI and the first PDSCH is also less than the threshold timeDurationForQCL),  the first TCI states and the second TCI state corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states are applied to the first and second PDSCH transmission occasions, respectively, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions.
ii. When RepNumR16 is > 2  and SeqMapping is configured:
· if the scheduling offset between the reception of the DL DCI and the first PDSCH is less than the threshold timeDurationForQCL, and the scheduling offset between the reception of the DL DCI and the third PDSCH is larger than the threshold timeDurationForQCL, while the scheduling offset between the reception of the DL DCI and the second PDSCH equal to or greater than the threshold timeDurationForQCL, the first TCI state corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is applied to the first and second PDSCH transmissions occasions, and the second indicated TCI state by the TCI field in the scheduling DCI is applied to the third and fourth PDSCH transmissions, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions. Otherwise, if the scheduling offset between the reception of the DL DCI and the third PDSCH is less than the threshold timeDurationForQCL, the first TCI state corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is applied to the first and second PDSCH transmissions occasions, and the second TCI state corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is applied to the third and fourth PDSCH transmissions occasions, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions.
2) Samsung [8], Spreadtrum [11], Nokia [14], NEC [15] and NTT DOCOMO [16] proposed to use the offset of 1st PDSCH transmission occasion to determine whether default TCI state(s) shall be applied or not:
· the default TCI states of single-DCI based M-TRP are applied to all the PDSCH transmission occasions in Scheme 3 and Scheme 4 if the 1st PDSCH transmission occasion has offset < timeDurationForQCL and the mapping between the TCI states of those default TCI states of single-DCI based M-TRP and the PDSCH transmission occasion follows the rule specified for indicated TCI states.
3) Apple [13] that the UE shall apply the rel15 PDSCH default TCI state when scheme 3 or scheme 4 is configured. They explained that the feature of default TCI states of single-DCI M-TRP shall not be applied to scheme 3 and scheme 4.  
So, we have three different alternatives on the design for scheme 3 and scheme 4 and we need down-select one:
Proposal: In single-DCI based multi-TRP transmission, the default TCI state for scheme 3 and scheme 4 is down-selected from:
· Alt1: The UE use the time offset between the DCI and the n-th PDSCH transmission occasion to determine the TCI-state for n-th PDSCH transmission occasion:
· If the time offset between the DCI and the n-th PDSCH transmission occasion is less than the threshold, one of default TCI state of single-DCI based multi-TRP is applied on the reception of n-th PDSCH transmission occasion. The mapping between the default TCI state to the PDSCH transmission occasion follows what is specified for the indicated TCI states.
· If the time offset between the DCI and the n-th PDSCH transmission occasion is greater than or equal to the threshold, the corresponding TCI state indicated in the TCI field is applied on the reception of n-th PDSCH transmission occasion.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Alt2: When the time offset between the DCI and the 1st PDSCH transmission occasion is less than the threshold, the two default TCI-states are applied to PDSCH transmission occasions, respectively. The mapping between default TCI states and PDSCH transmission occasions follows the mapping specified for indicated TCI states in Section 5.1.2.1 in TS 38.214.
· Alt3: Rel-15 default TCI state is applied on Scheme 3 and Scheme 4.


Please input your views and comments on these three alternatives:

	Company
	Views and comments

	vivo
	We support Alt 1.
What we are concerning is the performance for Scheme 3 and Scheme 4.
[bookmark: _GoBack]For Scheme 4, the repetition number comprises of {n2, n3, n4, n5, n6, n7, n8, n16}, which means much more PDSCH repetitions could be with offset larger than the threshold {s7, s14, s28}. When the offset of the first PDSCH repetition is less than the threshold, Alt 2 would cause performance degradation. Actually, for those repetitions with larger offset than the threshold, the indicated TCI states are to achieve the desired reliability. On the other hand, for Alt 2, if the network wants to transmit the PDSCH repetitions with the indicated TCI states, it has to schedule the first PDSCH repetition with larger offset than the threshold, which of cause would lead to some delay which may not meet the requirement of URLLC.
Alt 3 of cause have similar problem on performance as Alt 2.
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