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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. Enhancements of multi-TRP transmission for URLLC were also specified. In this contribution, we summarize the remaining issues for multi-TRP transmission. The issues related with multi-PDCCH based transmission are summarized in one table while the issues related with single-PDCCH based transmission or URLLC are summarized in another table.  Each issue is provided with one criticality index, high or low, to indicate the criticality of each issue for discussion during this meeting from the perspective of feature lead.  Comments from feature lead perspective are also provided for some of those issues.
Per the chairman’s guidance on email discussion, the email discussion of preparation phase (2/18~2/21) will identify and finalize the set of critical issues which will be discussed and then approved in official email discussion/approval phase (2/24-3/6).
2. Multi-PDCCH based Transmission
The remaining issues raised by companies for multi-PDCCH based transmission are summarized in Table 1.
Table 1: summary of remaining issues on multi-PDCCH based transmission
	Issue #
	Description of Issues
	Tdoc(s)
	Criticality
	FL comments

	1-1
	To determine the DAI bit for dynamic HARQ-ACK codebook in multi-PDCCH based multi-TRP.
· [1] suggests to remove the bracket in the text 
· while [2] suggests to remove the corresponding text

	[1],[2]
	High
	Need new agreement

	1-2
	The active BWP and BWP switch in multi-PDCCH based transmission is not specified clearly yet:
· We agreed that if UE receives multiple PDSCH on same symbol, the PDSCH shall be in same BWP. However, the current specification doesn’t capture that accurately
· Companies [2],[4],[6] propose TP to correct that. 
	[2],[4], [6]
	High

	Not need new agreement. Need to discuss how to capture it accurately

	1-3
	CRS rate matching in multi-PDCCH based transmission, [3] and [16] proposes the rate matching depends if UE is not configured with CRSPatternList-CORESETPoolIndex:
· [3] and [16] proposes different TPs to address this issue
	[3],[16]
	High
	No need new agreement. Need to discuss how to capture it in Spec

	1-4
	The UE behaviour is not defined for the case when two PUCCHs with HARQ-ACK associated with different CORESETPoolIndex overlap with another uplink transmission which is not associated with any CORESETPoolIndex:
· The case that the two PUCCHs are not associated with any CORESETPoolIndex or are associated with the same CORESETPoolIndex is being discussed in eURLLC UCI multiplexing section.
	[3],[4]
	High
	Need new agreement.

	1-5
	The HARQ-ACK codebook generation for joint feedback is not correctly captured in TS 38.213:
· [4] propose TP to correct the Type-1 HARQ-ACK codebook generation in joint feedback mode 
· [7] proposes TP to specify the indexing of serving cells for Type 2
· [16] propose TP that for Type-2 HARQ-ACK codebook, the values of[image: ], [image: ], and [image: ]in the pseudocode for generating codebook for multi-TRP joint feedback mode needs update
	[4],[7],[16]
	High
	Not need new agreement. The issue is that it was not captured correctly.

	1-6
	The current spec allows to configure multi-PDCCH based and single-PDCCH based M-TRP transmission simultaneously to a UE. But there is no agreement for that. 
· Both [4] and [10] propose to specify in TS 38.214 that when multiple PDCCHs are configured, only one TCI state can be indicated in each PDCCH.
	[4],[10]
	High
	Not need new agreement. The issue is that it was not captured correctly.

	1-7
	Issues of PC on PUCCH in multi-DCI based multi-TRP system:
[1] For FR1 when PUCCH-spatialrelationinfo is not configured, rel15 only configures one pathloss RS which is not enough for multi-TRP.
[2] TRP specific group common DCI (DCI format 2_2) should be supported.
	[6]
	High for [1] and Low for [2]
	Need new agreement 

	1-8
	· TP to remove the applicability of the current PDCCH prioritization based on QCL Type D properties to multi-DCI multi-TRP transmission 
· TP to extend the QCL-TypeD based PDCCH priority rule to multi-PDCCH based multi-TRP transmission.
	[9]
	High
	Not need agreement. The issue is that they were not captured in the Spec

	1-9
	How to determine RLM RS in multi-PDCCH based multi-TRP system.
· [13] and [14] propose different TPs.
	[13], [14]
	High
	Need new agreement

	1-10
	Specify the default value of R for PDCCH BD, which is not specified in TS 38.213 yet.
	[3], [17]
	High
	Need new agreement

	1-11
	TP to change the following in description of multi-PDCCH based multi-TRP PDCCH detection:
· 
Replace  should be replaced with the maximum value of 
· 
 should be replaced with , where  is the number of configured downlink serving cells.
	[16]
	High
	Not need new agreement. The issue is that they were not captured in the Spec.

	
	
	
	
	

	1-12
	Specify the default ACK/NACK feedback mode for multi-DCI based when higher layer parameter is not configured:
· Both [1] and [17] propose default mode is “separate feedback”
	[1],[17]
	Low
	It seems that the default value of this parameter can be determined by RAN2

	1-13
	Default TCI-state for AP CSI-RS in single-PDCCH and multi-PDCCH based transmission
· [2] proposes to specify the default TCI-state for AP CSI-RS 
	[2]
	Low
	Need new agreement

	1-14
	TP proposal to specify that only when sub-slot-based HARQ-ACK feedback in not configured, the UE may transmit two HARQ-ACK PUCCH in one slot in separate feedback mode
	[3]
	Low
	Need new agreement

	1-15
	Support associating a CRS pattern with more than one TRP
	[5]
	Low
	Need new agreement

	1-16
	Can DCI 1_0 schedule overlapped/partial-overlapped PDSCH in multi-PDCCH based transmission?
· [5] propose not supporting that.
	[5]
	Low
	5.1.6.2 in TS 38.214 seems already preclude using DCI 1_0 for that. 

	1-17
	If the UE does not support two default TCI states in UE capability, Rel-15 behaviour is reused regardless of CORESETPoolIndex.
	[8]
	Low
	The issue is that it was not captured in spec.

	1-18
	In TS 38.214, capture that, for default PDSCH beam, if UE is not configured with different CORESETPoolIndex values, rel15 behaviour is used.
	[9],[10]
	Low
	

	1-19
	Clarify that if a UE does not support out-of-order for multi-PDCCH based multi-TRP transmission in UE capability reporting, the rel15 behaviour is followed.
	[13]
	Low
	

	1-20
	TP for 38.214 to correct the misalignment of the description of condition for out-of-order at two places
	[15]
	Low
	

	1-21
	TP for PUCCH transmission for separate feedback:
“A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot unless the UE is configured with CORESETPoolIndex’s having two different values and higher layer parameter ACKNACKFeedbackMode = SeparateFeedback. ”
	[15]
	Low
	Not need agreement. The issue is that they were not captured in the Spec.




3. Single-PDCCH based Transmission & URLLC Enhancement
The remaining issues raised by companies for single-PDCCH based transmission or URLLC enhancement are summarized in Table 2.
Table 2: summary of remaining issues on single-PDCCH based transmission and URLLC enhancement
	Issue #
	Description of Issues
	Tdoc(s)
	criticality
	FL Comments

	2-1
	Clarify the timing for Type 1 HARQ-ACK codebook generation for single-DCI based multi-TRP PDSCH repetition. [1] and [16] proposes different TPs:
· [1] proposes to set [image: ] = RepNumR16
· [16] proposes to [image: ] and use the last slot n.
	[1], [16]
	High
	Need to discuss how to capture it 

	2-2
	How/what condition to use the new DMRS table with entry {0,2,3} is not specified yet.
· Companies propose to capture that in spec but with different TPs
	[2], [4], [7], [16], [17]
	High
	Not need new agreement. Need to discuss how to capture it

	2-3
	TP change to clarify the default TCI-state for PDSCH of single-PDCCH based transmission:
· [2] propose to apply the 1st or both TCI-states according to the number of TCI-states indicated by one DCI
· [3] proposes TP for TCI filed not present, DCI indicting one TCI-state and DCI indicating multiple PDSCH transmission.
	[2],[3], [14]
	High
	Need new agreement

	2-4
	The condition 4 (i.e., none of the entry in TDRA contains URLLCRepNum) is not captured in description of scheme 2a/2b/3
· Companies propose to capture it in TS 38.214
	[3],[8], [12],[17]
	High
	Not need new agreement. The issue is it was not captured.

	2-5
	Default PDSCH QCL is not specified for cross-carrier scheduling in single-PDCCH based transmission yet.
	[7]
	High
	Need new agreement

	2-6
	The issue of power boosting for 2-port PTRS transmission:
· Both [13] and [15] proposes EPRE ratio is based on number of layers for each TCI-state but with different TPs
	[13],[15]
	High
	Not need new agreement. It seems to be common understanding. Need to capture it in spec

	2-7
	The relationship between rel15 parameter pdsch-AggregationFactor and rel16 parameter RepNumR16 is not clearly specified:
· [15] and [4] proposes RepNumR16 overrides the pdsch-AggregationFactor
	[15][4]
	High
	Not need new agreement. It seems to be common understanding. Need to capture it in spec

	
	
	
	
	

	2-8
	Wideband PRG for scheme 2a and 2b, 
· [2] proposes to add text describing that same precoding is applied to resource corresponding to each TCI-state
	[2]
	Low
	That seems to be common understanding.

	2-9
	To determine the TBS of PDSCH in scheme 3,
· [2] proposes to add text describing that TBS is determined based on the number of OFDM symbols corresponding to one TCI-state
	[2]
	Low
	That seems to be common understanding.

	2-10
	Specify the approach to calculate the number of candidate PDSCH reception occasions for sub-slot-based HARQ-ACK feedback, for scheme 3.
	[3]
	Low
	Need new agreement

	2-11
	TP proposal to specify that “not receive more than 8 different TCI states” for single-PDCCH based transmission 
	[4]
	Low
	Not need new agreement.

	2-12
	Specify the default value of RV_offset for scheme 4 
Specify the default value of RepTCIMapping for scheme 4
	[5], [4]
	Low
	Need new agreement

	2-13
	TP to clarify that 2 PDSCHs of scheme 3 shall be contained within one slot
· [13] and [15] proposes different TPs
	[13], [15]
	Low
	Section 5 in TS 38.214 seems already specify that.

	2-14
	TP to clarify that for single PDCCH based multiple TRPs, the default QCL assumption is applied for both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode
	[14]
	Low
	That seems to be common understanding.

	2-15
	Specify the indication of RVs for DL SPS based multi-TRP PDSCH repetition scheme:
· [15] proposes to reuse similar approach adopted in rel15
	[15]
	Low
	

	2-16
	Determining mapping type of PDSCH in scheme 3:
· [16] proposes TP to specify that 1st PDSCH is indicated by TDRA and 2nd PDSCH is set to Type B
	[16]
	Low
	Need new agreement



4. Summary on email discussion threads

[bookmark: _GoBack]The conclusion of preparation phase email discussion is:multi-TRP has three email threads to address the following issues:
1. Email thread #A: on configuration of new DMRS table entry {0,2,3} for single-PDCCH based multi-TRP transmission (Issue# 2-2, favored by 12 companies) and on the operation of default TCI-state of PDSCH reception in single-PDCCH based systems (issue #2-3 the first part, favored by 9 companies)
· To identify the need for a TP and if needed, decide TP that resolve the issue of DMRS table entry {0,2,3}. (Tdocs [2], [4], [7], [16], [17])
· To identify the need for a TP and if needed, decide a TP that can clarify, in single-PDCCH based multi-TRP system (Tdoc [2],[3],[14]) that
i. Case 1: Default TCI state when TCI field is not present
ii. Case 2: Default TCI state when one TCI state is indicated by the TCI field of DCI
 
2. Email Thread #B: on HARQ-ACK codebook in multi-PDCCH based multi-TRP system (Issue #1-5, favored by 11 companies)
· To identify the need for a TP and if needed, decide TP that correct the Type 1 and Type 2 HARQ-ACK codebook generation in joint feedback mode. (Tdocs [4],[7],[16])
 
3. Email thread #C: on DAI bits for joint HARQ-ACK feedback (Issue 1-1 favored by 11 companies) and Timing determination of HARQ-ACK codebook for scheme4 (Issue#2-1 favored by 9 companies)
· To identify and decide TP that clarify the DAI bits when joint dynamic HARQ-ACK codebook is configured for multi-PDCCH based transmission. (Tdocs [1],[2])
· To identify the need for a TP, and if needed, decide TP that can clarify the timing of Type-1 HARQ-ACK codebook for scheme 4. (Tdocs [1], [16])




5. Summary of Preference on Critical Issues
	
	[bookmark: _Hlk33030638]Issue #
	Description of Issues
	Tdoc(s)
	Companies which think it is essential
(Please add your company name if applicable)
	Number of Companies thinking it is essential

	1-1
	To determine the DAI bit for dynamic HARQ-ACK codebook in multi-PDCCH based multi-TRP.
	[1],[2]
	Huawei/HiSilicon, ZTE, LGE, Intel, OPPO, Spreadtrum , vivo, Lenovo/Mot, Xiaomi, CATT，Ericsson
	11

	1-2
	The active BWP and BWP switch in multi-PDCCH based transmission is not specified clearly yet.
	[2],[4], [6]
	ZTE, OPPO, Lenovo/MOT, LGE , vivo, Xiaomi, Samsung
 
	7

	1-3
	CRS rate matching in multi-PDCCH based transmission, [3] and [16] proposes the rate matching depends if UE is not configured with CRSPatternList-CORESETPoolIndex:
	[3],[16]
	vivo,Qualcomm, Spreadtrum, Samsung
	4

	1-4
	The UE behaviour is not defined for the case when two PUCCHswithHARQ-ACKassociated with differentCORESETPoolIndex overlap with another uplink transmissionwhich is not associated withanyCORESETPoolIndex:
	[3],[4]
	vivo, OPPO, Samsung, CATT
	4

	1-5
	The HARQ-ACK codebook generation for joint feedback is not correctly captured in TS 38.213:
· [4] propose TP to correct the Type-1 HARQ-ACK codebook generation in joint feedback mode
· [7] proposes TP to specify the indexing of serving cells for Type 2
· [16] propose TP thatfor Type-2 HARQ-ACK codebook, the values of,, and in the pseudocode for generating codebook for multi-TRP joint feedback mode needs update
	[4],[7],[16]
	OPPO, Samsung, Qualcomm, LGE, HW, Intel, Apple, Spreadtrum, Lenovo/Mot，Nokia/NSB，Ericsson
	11

	1-6
	The current spec allows to configure multi-PDCCH based and single-PDCCH basedM-TRP transmissionsimultaneously to a UE. Butthere is no agreement for that.  Both [4] and [10] propose to specify in TS 38.214 thatwhen multiple PDCCHs are configured, only one TCI state can be indicated in each PDCCH.
	[4],[10]
	OPPO, CMCC, ZTE
	3

	1-7
	Issues of PC on PUCCH in multi-DCI based multi-TRP system:
1. For FR1 whenPUCCH-spatialrelationinfo is not configured, rel15 only configure sone pathloss RS which is not enough for multi-TRP.
1. TRP specific group common DCI (DCI format 2_2) should be supported.
	[6]
	Lenovo/MOT , vivo
	2

	1-8
	· TP to remove the applicability of the current PDCCH prioritization based on QCL Type D properties to multi-DCI multi-TRP transmission
· TP toextend the QCL-TypeD based PDCCH priority rule to multi-PDCCH based multi-TRP transmission.
	[9]
	Intel, Qualcomm, HW, Spreadtrum, ZTE，Nokia/NSB
	6

	1-9
	How to determine RLM RS in multi-PDCCH based multi-TRP system.  [13] and [14] propose different TPs.
	[13], [14]
	Apple, NTT DOCOMO, ZTE，Nokia/NSB
	4

	1-10
	Specify the default value ofR for PDCCH BD, which is not specified in TS 38.213 yet.
	[3], [17]
	vivo, Nokia/NSB, HW, Intel, Apple, Samsung，Ericsson
	7

	1-11
	TP to change the following in description of multi-PDCCH based multi-TRP PDCCH detection:
· 
Replace  should be replaced with the maximum value of 

 should be replaced with , where  is the number of configured downlink serving cells.
	[16]
	Qualcomm, Samsung，Ericsson (ok to combine this with 1-10)
	3

	1-13
	TP to define the default beam for AP CSI-RS
· Proposal 2: For AP CSI-RS with offset smaller than the threshold in multi-DCI based M-TRP, the default TCI is the TCI of the lowest CORESET ID among the CORESETs with the same CORESETPoolIndex as the PDCCH triggering the CSI-RS within the active BWP of the serving cell are monitored by the UE. 
· Proposal 3: For AP CSI-RS with offset smaller than the threshold in single-DCI based M-TRP, the default TCI is the first TCI state in the two TCI states mapped to the lowest codepoint containing two TCI states..
	[2]
	ZTE, Qualcomm, NTT DOCOMO, Intel, Lenovo/Mot
	5

	1-18
	In TS 38.214, capture conditions to apply Rel-15 default beam assumption or Rel-16 default beam assumption. that, for default PDSCH beam, if UE is not configured with different CORESETPoolIndex values, rel15 behaviour is used.
	[2], [9],[10],[8]
	ZTE, Intel, CMCC, LGE，Nokia/NSB
	5

	2-1
	Clarify the timing for Type 1 HARQ-ACK codebook generation for single-DCI based multi-TRP PDSCH repetition. [1] and [16] proposes different TPs:
· [1] proposes to set [image: ] = RepNumR16
· [16] proposes to [image: ] and use the last slot n.
	[1], [16]
	Huawei/HiSilicon, Qualcomm, LGE, Intel, OPPO, Spreadtrum , vivo, Samsung，Nokia/NSB
	9

	2-2
	How/what condition to usethe newDMRS table with entry {0,2,3} is not specified yet. Companies propose to capture that in spec but with different TPs
	[2], [4], [7], [16], [17]
	ZTE, OPPO, Samsung, Qualcomm, Nokia/NSB, NTT DOCOMO, HW, intel, Apple, Spreadtrum, Lenovo/Mot, CATT，Ericsson
	12

	2-3
	TP change to clarify the default TCI-state for PDSCH of single-PDCCH based transmission:  
· [2] propose to apply the 1st or both TCI-states according to the number of TCI-states indicated by one DCI and 
· [3] proposes TP for TCI filed not present, DCI indicting one TCI-state and DCI indicating multiple PDSCH transmission.
	[2],[3],[14]
	ZTE, vivo, Qualcomm (for the first issue, i.e., when TCI field is present), NTT DOCOMO, intel, Xiaomi, Samsung，Nokia/NSB, Ericsson
	9 (for the issue when TCI fields is present)


	2-4
	Some agreed conditions are not captured in TS 38.214. For example, the condition 4 (i.e., none of the entry in TDRA containsURLLCRepNum) is not captured in description of scheme 2a/2b/3. Companies propose to capture missing conditions in TS 38.214
	[3],[8], [12],[17]
	Vivo, LGE, Futurewei，Nokia/NSB, Ericsson
	5

	2-5
	Default PDSCH QCL is not specified for cross-carrier scheduling in single-PDCCH based transmission yet.
	[7]
	Samsung, NTT DOCOMO
	2

	2-6
	The issue of power boosting for 2-port PTRS transmission: Both [13] and [15] proposes EPRE ratio is based on number of layers for each TCI-state but with different TPs
	[13],[15]
	Apple, Ericsson, NTT DOCOMO, intel, OPPO, Samsung，Nokia/NSB
	7

	2-7
	The relationship between rel15 parameterpdsch-AggregationFactor and rel16 parameter RepNumR16 is not clearly specified:  [15] and[4] proposesRepNumR16 overrides the pdsch-AggregationFactor
	[15][4]
	Ericsson, OPPO , vivo
	3

	2-12
	Specify the default value of RV_offset for scheme 4 and Specify the default value of RepTCIMapping for scheme 4
	[5]
	CATT
	1

	2-14
	TP to clarify that for single PDCCH based multiple TRPs, the default QCL assumption is applied for both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode
	[14]
	NTT DOCOMO, intel
	1

	2-16
	Determining mapping type of PDSCH in scheme 3:
· [16] proposes TP to specify that 1st PDSCH is indicated by TDRA and 2nd PDSCH is set to Type B
	[16]
	Qualcomm, intel , vivo, ZTE
	4





6. List of contributions

[1] R1-2000204	Remaining issues on multi-TRP in R16	Huawei, HiSilicon
[2] R1-2000239	Maintenance of enhancements on multi-TRP transmission	ZTE
[3] R1-2000333	Discussion on remaining issues on M-TRP and text proposals	vivo
[4] R1-2000457	Text proposals for enhancements on multi-TRP and panel Transmission	 OPPO
[5] R1-2000535	Remaining issues on Multi-TRP/panel transmission for Rel-16	CATT
[6] R1-2000595	Remaining issues on multi-TRP/panel transmission	Lenovo, Motorola Mobility
[7] R1-2000633	On Rel.16 multi-TRP/panel transmission	Samsung
[8] R1-2000679	Text proposals on enhancements on multi-TRP/panel transmission LG Electronics
[9] R1-2000739	Correction to multi TRP operation	Intel Corporation
[10] R1-2000754	Maintenance for multi-TRP/panel transmission	CMCC
[11] R1-2000773	UCI enhancements	ETRI
[12] R1-2000812	TP on Multi-TRP/Panel Transmission	Futurewei
[13] R1-2000859	Remaining issues for Multi-TRP enhancement	Apple
[14] R1-2000925	Remaining issues on multi-TRP/panel transmission	NTT DOCOMO, INC.
[15] R1-2000941	Corrections for multi-TRP transmission	Ericsson
[16] R1-2000974	Multi-TRP Enhancements	Qualcomm Incorporated
[17] R1-2000988	Maintenance of Rel-16 Multi-TRP operation	 Nokia, Nokia Shanghai Bell
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