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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 multi-TRP email thread 3, which includes the following issues [21]:
· #b-1: Determine default QCL for AP CSI-RS in single-DCI based M-TRP
· #b-8: Specify mapping type for PDSCH in scheme 3
· #b-9: PT-RS transmission in single-DCI based M-TRP
· #b-2: Default TCI-state for PDSCH of Scheme 3 and Scheme 4

#b-1: Determine default QCL for AP CSI-RS in single-DCI based M-TRP
Companies [2][3][15][19][20] discussed the default QCL for AP CSI-RS when the scheduling offset is less than threshold in single-DCI based M-TRP system:
· [2] propose that for single-DCI based MTRP, if the slot offset is smaller than the threshold and at least one TCI codepoint contains two TCI states, the default TCI state of AP CSI-RS is the first one of TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
· [3] propose that:
· If there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies indicated one of the one or two of QCL assumption of the other DL signal when receiving the aperiodic CSI-RS.
· If there is no other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the indicated one of the one or two of the QCL assumptions for PDSCH reception.
· [15] propose that for multi-TRP operation, the default aperiodic CSI-RS beam should be the same as the default PDSCH beam, since UE is not able to use different default beams to buffer downlink signals.
· [19] propose that when the PDSCH is scheme 3 or scheme 4, UE applies the QCL assumption of PDSCH transmission occasion on the same symbol as the CSI-RS when receiving AP CSI-RS.
· [20] propose that 
· If there is no known DL signal in the symbols of the AP CSI-RS, UE processes the AP CSI-RS via the default PDSCH beam whose TCI state is identical to the indicated TCI state of the AP CSI-RS.
Based on the proposals in the contributions, the offline proposal is:
Proposal 1: In single-DCI based M-TRP, when the scheduling offset AP CSI-RS is less than beamSwitchTiming 
· If there is any other DL signal in the same symbols as AP CSI-RS, the UE applies QCL assumption of the other signal to receive the AP CSI-RS. 
· if there is no known DL signal in the symbols of AP CSI-RS, down-select the following two Alts:
· Alt1: The UE apply the first one of default TCI-states for PDSCH, i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
· Alt2: The UE applies the TCI state indicated by the DCI, which shall be identical to one of those two default PDSCH TCI-states.
Please input your views and comments on the proposal:
	Company
	Views and comments

	MediaTek
	The proposal is agreeable. We prefer Alt1. Since aperiodic CSI-RS is triggered by ‘CSI request’ in UL DCI which does not have the DCI field ‘Transmission configuration indication’, one additional bit is required for UL DCI to indicate which default PDSCH TCI state to apply. Since the case without known DL signal is less common, it may not be worth to add extra bit in UL DCI.

	Ericsson
	Agree with the first sub-bullet.  For 2nd sub-bullet, we prefer Alt 1.

	
ZTE
	
For the first bullet, what if the other DL signal is PDSCH with two TCI states ? Since single TCI state is assumed for CSI-RS (no enhancement in Rel-16), we propose to use one of TCI states of other signal, e.g. the first one.  In addition, we prefer Alt1 for the second bullet for simplicity. 
Proposal 1: In single-DCI based M-TRP, when the scheduling offset AP CSI-RS is less than beamSwitchTiming 
· If there is any other DL signal in the same symbols as AP CSI-RS, the UE applies first QCL assumption of the other signal to receive the AP CSI-RS. 
· if there is no known DL signal in the symbols of AP CSI-RS, down-select the following two Alts:
· Alt1: The UE apply the first one of default TCI-states for PDSCH, i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
· Alt2: The UE applies the TCI state indicated by the DCI, which shall be identical to one of those two default PDSCH TCI-states.


	Apple
	We prefer to align the AP-CSI-RS default beam with PDSCH default beam.
Both AP-CSI-RS and PDSCH may require UE to buffer the samples before DCI decoding. Therefore, UE cannot use different beam to buffer PDSCH and AP-CSI-RS.
For Alt1, if UE is already using 2 beams to buffer PDSCH, we do not see the strong reason why UE cannot use the same 2 beams to buffer AP-CSI-RS.
For Alt2, it is not a complete solution for us, i.e. which default beam to use before UE decodes the DCI since AP-CSI-RS can even overlapping with scheduling DCI.

	QC
	We prefer Alt2 as it achieves better performance (gNB can choose which default TCI state by choosing a proper codepoint since anyway UE buffers two samples).
Response to MTK: Not clear why additional bit is needed. DCI indicates a trigger state from which TCI states of the indicated CSI-RS resources within the resource set are determined. The procedure is done per indicated CSI-RS resource with the corresponding TCI state. 

	OPPO
	As we mentioned in email thread 2, if the scheduling offset of AP CSI-RS is less than beamSwitchTiming, both the beam(s) for signal buffering and the beam for measurement are needed to be defined in spec. If two TCI states are activated for a TCI codepoint, it is preferred that the same beam is used for buffering and measurement. Hence between Alt.1 and Alt.2, Alt.1 is preferred. 
However, a better solution can be avoiding it by scheduling AP CSI-RS offset equal or larger than threshold for M-TRP (e.g. when two TCI states are activated for at least one TCI codepoint).

	CMCC
	For first sub-bullet, as shown in the figure below, when AP CSI-RS is in the same symbol with PDSCH with two TCI states, it will be good if the spec supports that two TCI states could be applied for CSI-RS. However, if only single TCI state could be applied for CSI-RS, the rule for which one to be assumed for CSI-RS reception should be discussed. For simplicity, the TCI state configured for the small DMRS CDM group could be used.
For second sub-bullet, when there is no known DL signal in the symbols of AP CSI-RS, it will be good if the spec supports that two default TCI states for PDSCH could be applied for CSI-RS. However, if only single TCI state could be applied for CSI-RS, we prefer Alt1.
[image: ]

	CATT
	Agree with Apple.

	LG
	In our view, this issue is not critical and we can avoid it by scheduling AP CSI-RS offset equal or larger than threshold when Rel-16 default TCI-states is configured. As a result, AP CSI-RS can be transmitted after up to 48 symbols from DCI but it is less than 1 msec. 

	NTT DOCOMO
	Either Alt.1 or Alt.2 is to define the default TCI state after DCI is decoded. Before DCI decoding, two default TCI states need to be defined since UE doesn’t know which one is indicated. We prefer to use the same default beams as the default beams of PDSCH in single PDCCH based MTRP for AP CSI-RS.

	vivo
	Support Alt 2.
We agree with Apple’s reasoning on the default TCI states of AP CSI-RS following that of PDSCH. Furthermore, we have to decide one default TCI state out of two default TCI states when at least 2 TCI states map to a codepoint, which is can be solved by Alt 2.
Response to LGE: since default QCL of AP CSI-RS when AP CSI-RS offset less than the threshold has been defined for single TRP, so can be defined for multiple TRP cases.

	NEC
	We prefer the offset for AP CSI-RS should be equal to or larger than the threshold in case of M-TRP. While we are also OK to the modified proposal from ZTE. 

	Nokia
	We have the following suggestions, 
First, we think that the first bullet needs more clarification on what to do if PDSCH has two TCI states. 
Second bullet alternatives, we think alt.1 makes more sense as it is unnecessary to buffer both beams if the UE uses only one of them. Minor optimization should be avoided at this stage. 
In single-DCI based M-TRP, when the scheduling offset AP CSI-RS is less than beamSwitchTiming 
· If there is any other DL signal in the same symbols as AP CSI-RS, the UE applies QCL assumption of the other signal to receive the AP CSI-RS. 
· When other DL signal refers to PDSCH scheduled with two TCI states (with the offset larger than or equal to the threshold timeDurationForQCL), the UE applies first QCL assumption of the other signal to receive the AP CSI-RS. 
· if there is no known DL signal in the symbols of AP CSI-RS, down-select the following two Alts:
· Alt1: The UE apply the first one of default TCI-states for PDSCH, i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
· Alt2: The UE applies the TCI state indicated by the DCI, which shall be identical to one of those two default PDSCH TCI-states.


	Lenovo/MOT
	We are fine with Nokia’s modified proposal.

	Huawei
	We have similar understanding with Docomo so that R15 behavior can be enough, i.e. when there’s no other DL signal, the UE can buffer CSI-RS using TCI state corresponding to lowest CORESET ID. Of cause it may not be flexible comparing to MAC-CE updating. But it is unclearly how much benefit we can have at this moment, compared to normal Rel-15 BM enhancement, for M-Panel transmission/reception since Alt 1 has assumed the single receiving panel. The benefit of flexibility achieved by changing TCI mapping to codepoints with MAC CE can be even longer than beamSwitchTiming.  
Rel-17 beam management is a better place to accommodate new design for default beam/beam indication/ A/P/SP CSI-RS reception behavior/beam reporting as a whole. 

	Samsung
	Agree with Nokia’s proposal.

	Intel
	The first sub-bullet should clarify the case where “the other signal” is associated with 2 TCI states. It should be also mentioned that “the other signal” is limited to a) PDSCH scheduled with offset >= timeDurationForQCL or b) AP-CSI-RS scheduled with offset >= beamSwitchTiming or c) P/SP CSI-RS. We support Alt-1 because it aligns with PDSCH default beam. Alt-2 assumes that for AP-CSI-RS buffering, DCI is decoded before AP-CSI-RS is received – this is not guaranteed. 



#b-8: Specify mapping type for PDSCH in scheme 3
Companies [5][10][13][19][20] discussed the issues related with PDSCH mapping in Scheme 3.
Regarding the mapping type for PDSCHs in scheme 3, companies made the following proposals
· [5] propose that in Scheme 3, all PDSCH transmission occasions are of PDSCH mapping type B
· [10] propose that for Scheme3, The PDSCH mapping type for the first PDSCH transmission occasion is indicated by the Time domain resource assignment field of the DCI and the relative positions of DMRS symbols within the second PDSCH transmission occasion are the same as the first transmission occasion. 
· [13] and [20] proposed that mapping type of 1st PDSCH is indicated by the DCI and mapping type of 2nd PDSCH is Type B.

Proposal 2: For the mapping type in Scheme 3, down-select from:
· Alt1: All PDSCH transmission occasions are mapping type B 
· Alt2: Mapping type of 1st PDSCH is indicated by the DCI and relative positions of DMRS symbols within the second PDSCH transmission occasion are the same as the first transmission occasion
· Alt3: Mapping type of 1st PDSCH transmission is indicated by the DCI and mapping type of 2nd PDSCH transmission is Type B.

Please input your views and comments on the proposal:
	Company
	Views and comments

	MediaTek
	We prefer Alt1. Alt1 is simpler and there seems no extra benefit of Alt3 since PDSCH mapping Type B is flexible in R16 thanks to support of additional lengths. For Alt2, additional rule has to be specified for the case when the 2nd PDSCH transmission occasion collides with a CORESET and the collided symbol position(s) is different from the 1st PDSCH transmission occasion.

	Ericsson
	Support Alt 1.  We do not see a big use case for using PDSCH type A + PDSCH type B for scheme 3. 

	ZTE
	We are fine with either Alt.1 and Alt.2.  
Please noted that Alt.3 may cause different number of DMRS symbols for two repetitions. As shown in the table in 38.211, e.g. for PDSCH duration 5, only one DMRS symbol for type A but 2 DMRS symbols for type B.
[image: ]

	Apple
	We slightly prefer Alt 1 since it is simpler

	QC
	We prefer Alt3. 
First, it is clear that Alt2 requires additional specification efforts to introduce a PDSCH mapping type that starts later in the slot but its first symbol is not DMRS (PDSCH mapping type C?). Then, what should be the rule for d_1,1 (additional UE processing time)? With Alt2, UE vendors need to discuss and converge on d_1,1 for this new PDSCH mapping type as none of the mapping types A or B can be directly used.
Second, with Alt1, we need to specify rules for the case that TDRA row indicates mapping type A. Is this an error case, or UE follows the SLIV and K0 from the indicated row but ignores the mapping type? The benefit of Alt3 is more flexibility for the first repetition, so that both cases of DMRS on the first symbol as well DMRS on a fixed symbol will become possible.
Response to ZTE: gNB has the choice of scheduling if it wished same number of DMRS symbols in those cases. Even if it chooses not to do so, it is not clear to us what is the issue with different number of DMRS symbols in different repetitions. 

	OPPO
	We agree with ZTE, and both Alt.1 and Alt.2 is fine to us.

	Spreadtrum
	Either Alt 1 or Alt 3 is Ok for us.

	CATT
	We prefer alt.2 or alt.3. 
All alternatives need some additional spec efforts. We agree with E/// that TYPE A+ TYPE B is not a big use case for URLLC.  But to support TDRA indicating only TYPE B need a spec limitation too. If such restrictions are not introduced, we think alt.2 is still a more effective way to avoid all the confusions.
To QC: even for TYPE B+TYPE B, the relative positions of DMRS symbols may not be the same for both repetitions when the configured front-loaded DMRS symbol(s) collides with resources reserved for a CORESET. As shown in the figure below, in such case, the DMRS symbol for the first transmission is still possibly not the first symbol.  
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	LG
	Support Alt2.

	NTT DOCOMO
	We prefer Alt.1 since it has less spec impact.

	vivo
	Support Alt 1, which is similar to the agreement for UL mini-slot PUSCH repetition in Rel-16.

	NEC
	We are OK to either Alt2 or Alt 3. 

	Nokia
	Support Alt.1. 
We think that Alt.1 seems to be the better option that majority support to finalize this. Depending on how we capture Alt.1 in the specs, it may not be required to have rules for the case that TDRA row indicates mapping type A (mentioned by QC). 

	Huawei
	Support Alt2 which is clearer. Mixing PDSCH mapping types would be complex in terms of DMRS allocation and processing time. No need to restrict mapping type configuration in TDRA.

	Samsung
	Support Alt1. 

	Intel
	Not a strong opinion but slightly prefer Alt-1



[19] suggest that in current TS38.214 specification, the time restriction for S and L combinations does not take into account the case when ‘TDMSchemeA’ is configured and is indicated to the UE and [19] propose TP to clarify that.
Proposal 3: Adopt the following TP on Scheme 3 for TS 38.214:
	---------------------------- Start of proposed TP5 for 38.214  --------------------------------------------
[bookmark: _Toc29673137][bookmark: _Toc29673278][bookmark: _Toc29674271][bookmark: _Toc20317974][bookmark: _Toc27299872][bookmark: _Toc11352084]5.1.2.1	Resource allocation in time domain
--- Unchanged text omitted ---------
-	The reference point S0 for starting symbol S is defined as: 
-	if configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0, and PDSCH mapping Type B, the starting symbol S is relative to the starting symbol S0 of the PDCCH monitoring occasion where DCI format 1_2 is detected; 
-	otherwise, the starting symbol S is relative to the start of the slot using S0=0, and	the starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV:

if  then


else 



where, and
-	the PDSCH mapping type is set to Type A or Type B as defined in Clause 7.4.1.1.2 of [4, TS 38.211].
If a UE is configured by the higher layer parameter RepSchemeEnabler set to ‘TDMSchemeA’ , DM-RS port(s) indicated in the DCI field “Antenna Port(s)” are within one CDM group, and the DCI field ‘Transmission Configuration Indication’ indicates two TCI states, then Tthe UE shall consider the S and L combinations defined in table 5.1.2.1-1 satisfying  for normal cyclic prefix and   for extended cyclic prefix as valid PDSCH allocations, where  is given by the higher layer parameter StartingSymbolOffsetK.:


Otherwise, Tthe UE shall consider the S and L combinations defined in table 5.1.2.1-1 satisfying  for normal cyclic prefix and  for extended cyclic prefix as valid PDSCH allocations.:
[bookmark: _Hlk508617520]Table 5.1.2.1-1: Valid S and L combinations
	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	{0,1,2,3}
(Note 1)
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
(Note 1)
	{3,…,12}
	{3,…,12}

	Type B
	{0,…,12}
	{2,…,13}
	{2,…,14}
	{0,…,10}
	{2,4,6}
	{2,…,12}

	Note 1:	S = 3 is applicable only if dmrs-TypeA-Position = 3



----------------------------------------------End of proposed TP5 ----------------------------------------------------




Please input your views and comments on the proposal:
	Company
	Views and comments

	MediaTek
	Agree. It is good to make such clarification in addition to saying that “both PDSCH transmission occasions shall be received within a given slot.”

	Ericsson
	Agree.

	ZTE
	We are fine with this proposal

	Apple
	Agree 

	QC
	Fine with us.

	OPPO
	With the restriction of “PDSCH transmission occasions shall be received within a given slot” in 5.1, we don’t think any further clarification is needed.

	Spreadtrum
	Agree

	CATT
	Agree with OPPO.

	NTT DOCOMO
	We are fine with the proposal.

	vivo
	Fine with us.

	NEC
	Agree.

	Nokia
	Not required. The main definition of Scheme 3 already restricts this in 38.214. Additional text on saying the same is not required.  

	Lenovo/MOT
	Agree

	Samsung
	Agree with OPPO and Nokia. We think the TP is a duplication of existing specification.

	Intel
	We don’t think this TP is essential



#b-9: PT-RS transmission in single-DCI based M-TRP
Companies [6][14][15][19] discussed the issue of 2-port PT-RS transmission in single-DCI based M-TRP system.
Regarding the power boosting for 2-port PT-RS, companies propose very similar proposals:
· [6] propose that power boosting for PTRS should be defined considering 2-port PTRS transmission and consider the number of PDSCH layers associated with each TCI state.
· [15] propose that for PT-RS power boosting, the EPRE ratio should be configured to be based on the number of PDSCH layers corresponding to the TCI state associated with the PT-RS port.
· [14] proposed PT-RS EPRE for each PT-RS port is based on PDSCH layers of each PT-RS port. 
· [19] propose when two PT-RS ports are configured, the power boosting ratio for each PT-RS port depends on the number of PDSCH layers transmitted from the same TRP, not the total number of PDSCH layers.
They all propose when two PT-RS ports are configured, for PT-RS power boosting, the EPRE ratio shall be based on the number of PDSCH layers corresponding to each TCI-state. Therefore, offline proposal is
Proposal 4: For PT-RS power boosting, adopt the following TP of TS 38.214:
	[bookmark: _Toc11352078][bookmark: _Toc29673131][bookmark: _Toc29674265][bookmark: _Toc36645495][bookmark: _Toc27299866][bookmark: _Toc29673272][bookmark: _Toc20317968]4.1	Power allocation for downlink 
---- Unchanged text are omitted ----
When the UE is scheduled with a one or two PT-RS ports associated with the PDSCH, 



-	if the UE is configured with the higher layer parameter epre-Ratio, the ratio of PT-RS EPRE to PDSCH EPRE per layer per RE for each PT-RS port () is given by Table 4.1-2 according to the epre-Ratio, the PT-RS scaling factor specified in clause 7.4.1.2.2 of [4, TS 38.211] is given by.
-	otherwise, the UE shall assume epre-Ratio is set to state '0' in Table 4.1-2 if not configured.

Table 4.1-2: PT-RS EPRE to PDSCH EPRE per layer per RE () 
	epre-Ratio
	The number of PDSCH layers with DM-RS associated to the PT-RS port

	
	1
	2
	3
	4
	5
	6

	0
	0
	3
	4.77
	6
	7
	7.78

	1
	0
	0
	0
	0
	0
	0

	2
	reserved

	3
	reserved



---- Unchanged text are omitted ----


Please input your views and comments on the proposal:
	Company
	Views and comments

	MediaTek
	Agree.

	Ericsson
	Agree.

	ZTE
	We are fine with this proposal

	Apple
	Agree

	QC
	Agree.

	OPPO
	Agree

	Spreadtrum
	Agree

	CATT
	Agree 

	LG
	Agree 

	NTT DOCOMO
	Agree.

	vivo
	Agree

	NEC
	Agree

	Nokia
	Agree.

	Lenovo/MOT
	Agree

	Huawei
	Agree

	Samsung
	Agree

	Intel
	Agree



[6] also suggested that it is possible that the higher layer parameter maxNrofPorts equal to n2 but the UE is not indicated with two TCI-states and one CDM group (for example in scheme 2a/2b/3 or scheme 4). In those cases, the UE shall receive single-port PT-RS
· [6] propose to clarify in TS 38.214 that in those cases, the UE receive only one port PT-RS even though maxNrofPorts is equal to n2.
Based in proposal in [6], offline proposal is:
Proposal 5: adopt the following TP for TS 38.214
	[bookmark: _Toc11352103][bookmark: _Toc27299891][bookmark: _Toc20317993][bookmark: _Toc29673156][bookmark: _Toc29674290][bookmark: _Toc29673297][bookmark: _Toc36645520]5.1.6.3	PT-RS reception procedure
---- Unchanged text are omitted ----
If the UE is configured with the higher layer parameter maxNrofPorts equal to n2,
· When a UE is not indicated with a DCI that DCI field "Time domain resource assignment' indicating an entry in pdsch-TimeDomainAllocationList  which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation, and if the UE is configured with the higher layer parameter maxNrofPorts equal to n2,  and if the UE is indicated with two TCI states by the codepoints of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within two CDM groups in the DCI field "Antenna Port(s)", the UE shall receive two PT-RS ports which are associated to the lowest indexed DM-RS port among the DM-RS ports corresponding to the first/second indicated TCI state, respectively. 
· Otherwise, the UE shall receive a single PT-RS port which is associated to a DMRS port according to Clause 5.1.6.3.
---- Unchanged text are omitted ----


Please input your views and comments on the proposal:
	Company
	Views and comments

	MediaTek
	Agree.

	Ericsson
	Agree.

	ZTE
	We are fine with this proposal

	Apple
	Agree

	QC
	Agree.

	OPPO
	Agree

	Spreadtrum
	Agree

	CATT
	Agree

	LG
	Agree 

	NTT DOCOMO
	Agree.

	vivo
	Agree

	NEC
	Agree

	Nokia
	Agree

	Lenovo/MOT
	Agree 

	Huawei
	Agree

	Samsung
	It seems not necessary because the TP does not change UE/gNB behavior. The number of PT-RS ports would be one if the condition stated at the first bullet ‘when a UE is not indicated…’ is not satisfied, regardless the the second bullet “Otherwise, the UE…” is added or not.

	Intel
	Agree with Samsung, this TP does not seems unnecessary



#b-2: Default TCI-state for PDSCH of Scheme 3 and Scheme 4
Companies [2][3][15][16][19] discussed the issues of how to apply the default TCI states for PDSCH in URLLC scheme 3 and 4. 
· [2] proposes that for Scheme 3 and Scheme 4, if the offset between PDCCH and corresponding PDSCH is less than the threshold, the two default TCI-states are applied to PDSCH transmission occasions according to same mapping rule between TCI states and PDSCH transmission occasion as the case when offset is not less than threshold. 
· [3] propose that in case of default TCI-state, for PDSCH with scheme 3 or scheme 4
· For scheme 3, the first and second TCI states of the two default TCI states or the TCI states indicated by the scheduling DCI are applied to the first and second PDSCH transmission occasions respectively. If the offset between the reception of the DL DCI and one of the two PDSCH transmission occasions is less than the threshold timeDurationForQCL, default TCI states are applied, otherwise TCI states indicated by the scheduling DCI is applied;
· For scheme 4, when CycMapping is enabled, the first and second TCI states of the default TCI states or the TCI states indicated by the scheduling DCI are applied are applied to the first and second PDSCH transmission occasions, respectively, and so on. When SeqMapping is enabled, the first TCI state of the default TCI states or the TCI states indicated by the scheduling DCI is applied to the first and second PDSCH transmissions, and the second TCI state of the default TCI states or the TCI states indicated by the scheduling DCI is applied to the third and fourth PDSCH transmissions, and so on. If the offset between the reception of the DL DCI and one of the PDSCH transmission occasions is less than the threshold timeDurationForQCL, default TCI states are applied to the PDSCH transmission occasion, otherwise TCI states indicated by the scheduling DCI is applied.
· [15] propose the Rel-16 default PDSCH beam should not be applicable for TDM schemes. [15] propose that in single-DCI based multi-TRP system, using two default TCI-states to buffer PDSCH should only be applied to FDM or SDM schemes, but for TDM schemes (scheme 3 or 4), UE use Rel-15 default beam.
· [16] propose that for URLLC scheme 3 and scheme 4, two transmission occasions are assumed, and one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is associated to one PDSCH transmission occasion; and for URLLC scheme 4, one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is associated to one PDSCH transmission occasion following current rule; And the indicated TCI field in the corresponding PDCCH is ignored.
· [19] proposes that for PDSCH of scheme 4, the UE determines the TCI state for each n-th PDSCH transmission occasion according to the time offset between the DCI and the n-th PDSCH transmission occasion: 
· If the time offset between the DCI and the n-th PDSCH transmission occasion is less than the threshold, the default TCI state is applied on the reception of n-th PDSCH transmission occasion.
·  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.
According to the proposals in the contributions, the offline proposal is:
Proposal 6: For how to apply default TCI-state on PDSCH scheme 3 and 4: down-select from the following two Alts:
· Alt1: The UE use the time offset between the DCI and each 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, the default TCI state is applied on the reception of n-th PDSCH transmission occasion.
· 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.
· 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 in Section 5.1.2.1 in TS 38.214.
· Alt3: For scheme 3 and 4, rel-15 default TCI state is applied.
Please input your views and comments on the proposal:
	Company
	Views and comments

	MediaTek
	Our first preference is Alt3 and the second preference is Alt2. Alt1 can be considered as optimization to explore the first symbols(s) or slot(s) with default beam. However, if a default TCI state is not good, then gNB can simply make the time offset between the DCI and the 1st PDSCH transmission occasion greater than or equal to timeDurationForQCL. Otherwise, if a default TCI state is good enough, it suffices to keep using the default TCI state for all transmission occasions. Without any justified gain, we do not see the need for such optimization.
TDM schemes are mainly developed for UEs capable of only single Rx beam in FR2. Even for TDM schemes, however, capability of two default Rx beams is required by a UE supporting Alt2 in most cases. For example, considering Scheme 3 and timeDurationForQCL=14, a UE does not know which TCI state to apply to a symbol before knowing the TDRA in DCI and thus cannot support Alt2 without buffering data from two beams. If a UE can receive two default beams, then it is expected that the SDM and FDM schemes can be supported by the UE as well and gNB can schedule multi-TRP operation using SDM and FDM schemes. Thus, the use cases of Alt2 may be quite limited.

	Ericsson
	Support Alt 1.
To respond to the argument from MediaTek, it should be kept in mind that Schemes 3 and 4 are primarily introduced for URLLC where latency reduction are reliability are both key metrics.  So, for URLLC applications, the gNB cannot delay the transmission occasion just to satisfy the constraint that the time offset between the scheduling offset between DCI and 1st Transmission occasion >= timeDurationForQCL’.
Furthermore, the default beams/TCI states are used typically to buffer data before a corresponding DCI is decoded.  After a DCI has been decoded, using the TCI states indicated in the DCI can provide potentially higher DL beamforming gains (with narrower beams) and thus, better performance and reliability than using default TCI states.  So we think Alts 2 and 3 are sub-optimal and may not meet the reliability requirements.


	ZTE
	Support Alt1.  Alt.3-2 below is our second preference.
Alt3 is still unclear if all repetitions follow the same default TCI state or each repetition, e.g. n-th PDSCH just follows its default TCI state based on the time offset between the DCI and the n-th PDSCH transmission occasion. So we suggest to further split Alt3 for clarification as follows. 

	
	

	
	Alt3-1: For scheme 3 and 4, when the time offset between the DCI and the 1st PDSCH transmission occasion is less than the threshold, rel-15 default TCI state is applied for the 1st PDSCH. The TCI states of all other PDSCH transmission occasions follow the 1st PDSCH transmission occasion.
Alt3-2: For scheme 3 and 4, 
· The UE use the time offset between the DCI and each 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, the Rel-15 default TCI state is applied on the reception of n-th PDSCH transmission occasion.
· 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.
It is obvious beam diversity gain cannot be achieved for Alt3-1.  
Compared with Alt1, Alt2 sacrifices the benefit of flexible beam indication.


	Apple
	We prefer Alt 3

	QC
	We prefer Alt2. Our understanding is that the proposal is applicable for UEs supporting two default beams. As a result, we are not sure if Alt3 can work. Also, Alt1 may be useful for a UE supporting one default beam, but that is a separate discussion. In the case of UE supporting two default beams, the benefit of Alt1 is not clear while it complicates the specifications. 

	OPPO
	Alt.2 is preferred. Before UE decodes the DCI, it doesn’t know whether scheme 3 or scheme 4 is used. So the current default beams for single DCI based M-TRP should be reused. 

	Spreadtrum
	Support Alt.2.
In our understanding, only after decoding DCI, UE could identify the specific transmission scheme: scheme 3 or 1a or 4 or NC-JT or R15. Thus, For UE, it will only try to buffer the first PDSCH transmission occasion when time offset between DCI and the first PDSCH transmission occasion is less than the threshold before DCI decoding. After DCI decoding, UE could identify the specific transmission scheme, then receive other PDSCH occasions when it is scheme 3 or 4. Following R15 principle, the TCI state of later PDSCH occasions is same as the first PDSCH occasion even if the time offset between DCI and later PDSCH occasions is large than threshold. Similarly, for multi-TRP case, TCI state of all PDSCH occasions per TRP should be the same and follow TCI state of the first PDSCH occasion per TRP respectively. Thus, we support Alt.2.
Response to ZTE, if gNB wants the benefit of flexible beam indication, it could schedule the time offset between DCI and the first PDSCH transmission occasion large than the threshold.

	CMCC
	Support Alt1. The TCI indicated in the DCI is more suitable than default TCI state, when the time offset between the DCI and the n-th PDSCH transmission occasion is greater than or equal to the threshold, the TCI state indicated in DCI should be applied, which may increase the PDSCH demodulation performance.

	CATT
	One of the intentions to introduce two default TCI states for S-DCI is to support scheduling of M-TRP based URLLC transmission within threshold. 
So, Alt 1 and 2 can be considered. To minimize the impact to current spec., Alt 2 is slightly preferred. 

	LG
	For scheme 4, it is inter-slot based repetition, so latency may not critical in this case. So, gNB can schedule PDSCHs after the threshold. For scheme 3, use case for two default beams is not clear. If the UE supports two default beams, then scheme 2 is more suitable for that UE. This is because the main motivation for scheme 3 is for UEs capable of only single Rx beam in FR2 as commented by MediaTek.

	NTT DOCOMO
	Support Alt.1. We fully agree with Ericsson and CMCC, after DCI decoding, UE knows the indicated TCI state. In this case, using the indicated TCI state can provide better beamforming gain than using the default TCI state.

	vivo
	Just keep in mind that the URLLC services require both small delay and high reliability. Thus it is not appropriate to simply postpone the PDSCH transmission after the threshold.
Alt 2 and Alt 3 would have performance loss. Alt 2 always applies two default TCI states even when the offset of a repetition is larger than the threshold, which cannot utilize the indicated TCI states that is not suitable for the repetition. While Alt 3 would lose spatial diversity gain from multiple TRPs by applying only one default TCI state as Rel-15.
We propose to update Alt 1 as following:
· Alt1: The UE use the time offset between the DCI and each 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 the two default TCI states is applied on the reception of n-th PDSCH transmission occasion.
· 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.

	NEC
	Alt 2. Before threshold, two default beams are already used to buffer PDSCH, and if after DCI decoding, scheme 3 or 4 is identified, UE just applies the default beams to transmission occasions. The same rule can be used no matter whether all or some transmission occasions are before threshold, which can have less spec impact.

	CATT2
	We don’t think current Alt.1 can work for the case only one Rx beam is supported by a UE. Before decoding DCI, the transmission scheme is even not known to UE. In such case, for a UE supporting only one RX beam, without knowing the transmission scheme, resource allocation and the mapping between transmission occasions and TCI state, how can it know which beam should be used for buffering in each symbol?
Therefore, we propose to further refine Alt.1 as follow:
· Alt1: The UE use the time offset between the DCI and each 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, the first one of the two default TCI states is applied on the reception of n-th PDSCH transmission occasion.
· 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.
Furthermore, if only one Rx beam is supported by the UE, refined Alt.1 is applied. Otherwise, Alt. 2 is applied.

	Nokia
	Support Alt.2. In the end, both Alt.1 and Alt.2 may work, but the added benefit of Alt.1 compared to additional spec impact is not clear.  

	Samsung
	Support Alt1. We agree with Ericsson and CMCC’s view on the performance gain by following Alt1. Our second preference is Alt2.

	Intel
	Support Alt-2. We also note that the gNB has the flexibility to configure PDSCH transmission occasion to TCI state mapping (0101 or 0011) to take care of this default beam issue.



2. Summary of Proposals

The latest proposals for this email thread are
For #b-9 (PT-RS in M-TRP), the following proposal and TP are proposed:
Proposal 4: For PT-RS power boosting, adopt the following TP of TS 38.214:
	[bookmark: x_x_x__Hlk38582639]4.1   Power allocation for downlink
---- Unchanged text are omitted ----
When the UE is scheduled with a one or two PT-RS ports associated with the PDSCH,
-     if the UE is configured with the higher layer parameter epre-Ratio, the ratio of PT-RS EPRE to PDSCH EPRE per layer per RE for each PT-RS port ([image: ]) is given by Table 4.1-2 according to the epre-Ratio, the PT-RS scaling factor [image: ]specified in clause 7.4.1.2.2 of [4, TS 38.211] is given by[image: ].
-     otherwise, the UE shall assume epre-Ratio is set to state '0' in Table 4.1-2 if not configured.
Table 4.1-2: PT-RS EPRE to PDSCH EPRE per layer per RE ([image: ])
	epre-Ratio
	The number of PDSCH layers with DM-RS associated to the PT-RS port

	
	1
	2
	3
	4
	5
	6

	0
	0
	3
	4.77
	6
	7
	7.78

	1
	0
	0
	0
	0
	0
	0

	2
	reserved

	3
	reserved


 
---- Unchanged text are omitted ----


 
For #b-8(mapping type of Scheme 3):  the following proposal and TP are proposed:
Proposal 2: For the mapping type in Scheme 3, all PDSCH transmission occasions are mapping type B, UE does not expect the TDRA field of the DCI to indicate mapping type A.
And the TP for TS 38.214 is:
	[bookmark: _Toc36645501]5.1.2.1	Resource allocation in time domain
---- Unchanged text are omitted ----
When a UE is configured by the higher layer parameter RepSchemeEnabler set to 'TDMSchemeA' and indicated DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)", the number of PDSCH transmission occasions is derived by the number of TCI states indicated by the DCI field 'Transmission Configuration Indication' of the scheduling DCI. 
-	If two TCI states are indicated by the DCI field 'Transmission Configuration Indication', the UE is expected to receive two PDSCH transmission occasions, where the first TCI state is applied to the first PDSCH transmission occasion and resource allocation in time domain for the first PDSCH transmission occasion follows Clause 5.1.2.1. The second TCI state is applied to the second PDSCH transmission occasion, and the second PDSCH transmission occasion shall have the same number of symbols as the first PDSCH transmission occasion. If the UE is configured by the higher layers with a value in StartingSymbolOffsetK, it shall determine that the first symbol of the second PDSCH transmission occasion starts after  symbols from the last symbol of the first PDSCH transmission occasion. If the value is not configured via the higher layer parameter StartingSymbolOffsetK,   = 0 shall be assumed by the UE. The UE is not expected to receive more than two PDSCH transmission layers for each PDSCH transmission occasion. For two PDSCH transmission occasions, the redundancy version to be applied is derived according to Table 5.1.2.1-2, where  applied respectively to the first and second TCI state. UE expects the PDSCH mapping type indicated by DCI field “Time domain resource assignment’ to be mapping type B, and the indicated PDSCH mapping type is applied to both PDSCH transmission occasions. 
-	Otherwise, the UE is expected to receive a single PDSCH transmission occasion, and the resource allocation in the time domain follows Clause 5.1.2.1. 
---- Unchanged text are omitted ----
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Table 7.4.1.1.2-3: PDSCH DM-RS positions / for single-symbol DM-RS.
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