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Introduction
In Rel.17 NR FeMIMO WID, multi-TRP enhancements for PDCCH, PUCCH, and PUSCH are given as follows [1]:
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework



This contribution provides Samsung’s view on the highlighted topic above.

1 
2 
PDCCH enhancements
0. Ambiguity on AL8 & AL16 for PDCCH repetition
In RAN1#92 meeting, RAN1 discussed potential ambiguity on AL8 PDCCH candidate and AL16 PDCCH candidates in a certain condition (i.e., 1 symbol non-interleaved CORESET and the starting CCEs of both AL8 and AL16 are same). Since AL16 PDCCH candidate is basically repetition of two AL8 PDCCH candidates, a UE may not correctly identity which AL is used for PDCCH transmission from gNB side. For more details on this ambiguity, please see the references [2], [3]. 
Considering PDCCH repetition for AL8 PDCCH candidates and AL16 PDCCH candidates, the following agreement has been made in RAN1#107-e [4].
	Agreement
To address the ambiguity issue between AL8 and AL16 candidates in the presence of PDCCH repetition:
· For two linked AL8 PDCCH candidates in a first and second SS sets and two linked AL16 candidates in a third and fourth SS sets, UE expects different starting CCEs in a CORESET for any of the linked AL8 candidates and any of the linked AL16 candidates if the CORESET spans one OFDM symbol (i.e., Case c1 is not expected by UE) and is non-interleaved
· If two PDCCH candidates with AL8 and AL16 have the same start CCE in a non-interleaved CORESET with one OFDM symbol: 
· When at least one of the AL8 or AL16 candidates is linked with other PDCCH candidate, and UE receives a DCI on any of the AL8 or AL16 candidates, a scheduled PDSCH by the DCI is rate matched around the AL16 candidate and any PDCCH candidate linked with any of the AL8 or AL16 candidates (i.e., rate matching in Cases a, b and c2 is around the union of candidates)
· When one of the AL8 candidate or the AL16 candidate is linked to another PDCCH candidate for PDCCH repetition (i.e., Cases a or b), interpretation of a detected DCI via any of the first or second PDCCH candidates is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· FFS (to be resolved in this meeting): Whether/how to resolve potentially ambiguity for PUCCH resource determination for Case c2



As in the FFS highlighted in the above agreement, the only remaining issue is whether/how to resolve ambiguity for PUCCH resource determination for Case c2. To be specific, among the Case c2, if two PDCCH candidates with AL8 and AL16 have the same start CCE in a non-interleaved CORESET with one OFDM symbol when the two PDCCH candidates are in a first SS set that is linked to a second SS set, and the second SS set has lower ID compared to the first SS set, and if the linked AL8 candidate and the linked AL16 candidate in the second SS set do not have the same start CCE, there can be an ambiguity on PUCCH resource determination since two candidates cannot be distinguished but start CCE is different. 
[bookmark: _GoBack]This situation is depicted in Case c2-2 as in Figure 2. Note that SSset#1 in Case c2-2 is a second SS set described above (having lower ID and two candidates do not have the same start CCE) and SSset#2 in Case c2-2 is a first SS set described above (having larger ID and two candidates have the same start CCE).
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Figure 2. Possible cases which ambiguities exist considering AL8 and AL16 with PDCCH repetition.

Regarding the ambiguity, some companies supported that the UE expects the linked AL8 candidate and the linked AL16 candidate in the second SS set to also have the same start CCE. This means that the UE does not expect the Case c2-2 which the linked AL8 candidate and the linked AL16 candidate in the second SS set which has lower ID do not have the same start CCE, i.e., Case c2-2 is an error case. However, if Case c2-2 is treated as an error case, our view is that it degrades gNB’s PDCCH scheduling flexibility severely, and causes high PDCCH blocking probability.
As we introduced in RAN1#107-e, we would like to show how much the PDCCH scheduling flexibility is degraded by gNB side based on the following example. Consider the case where two CORESETs (both are 1-symbol and non-interleaved) have 16 CCEs. SS#1 (associated to the first CORESET) and SS#2 (associated to the second CORESET) are linked and include 2 AL8 PDCCH candidates (indexed by m=0 and m=1) and 1 AL16 PDCCH candidate. According to “” values derived by the hashing function in TS38.213, we can identify four cases as in the following Figure 3.
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Figure 3. Possible 4 cases of possible CCE locations of AL8 and AL16 PDCCH candidates by hashing function

For case 1 and case 2, we don’t see any scheduling restrictions because the AL8 and AL16 have the same starting CCE index in SS#1 with the lowest SS ID (see AL8(m=0) and AL16 in case 1 and AL8(m=1) and AL16 in case 2). Therefore, gNB may use all of configured PDCCH candidates (two AL8 PDCCH candidates and one AL16 PDCCH candidates).
For case 3 and case 4, gNB cannot use some of configured PDCCH candidates if Case c2-2 is treated as an error case.
· For case 3, since AL8(m=1) PDCCH candidate and AL16 PDCCH candidate are treated as error case, gNB can only use AL8(m=0) PDCCH candidate, but cannot use AL8(m=1) PDCCH candidate and AL16 PDCCH candidate.
· For case 4, since AL8(m=0) PDCCH candidate and AL16 PDCCH candidate are treated as error case, gNB can only use AL8(m=1) PDCCH candidate, but cannot use AL8(m=0) PDCCH candidate and AL16 PDCCH candidate.
Based on the above explanation on case 3 and 4, gNB can only use AL8 PDCCH candidate among all the configured PDCCH candidates. Note that the above 4 cases should occur with equal probability due to the nature of the hashing function, which means that the scheduling restriction occurs on the half of slots, i.e., half of monitoring occasions for those SS#1 and SS#2. This is very severe degradation on PDCCH scheduling flexibility and it can occur large PDCCH blocking probability. Moreover, this is a severe problem which is not only occurred on the above specific example, but also possibly occurred on the other general cases when multiple AL8 and AL16 candidates are used in 1-symbol CORESET.
Hence, we need to check carefully whether such a scheduling restriction can be a solution of Case c2-2. In order not to polish gNB’s scheduling flexibility and not to increase PDCCH blocking probability, we think that the simplest way is not making a scheduling restriction, but making a simple rule for PUCCH resource determination, e.g., the PDCCH with lower starting CCE is assumed for PUCCH resource determination.

Proposal 1: If two PDCCH candidates with AL8 and AL16 have the same start CCE in a CORESET with one OFDM symbol when the two PDCCH candidates are in a first SS set that is linked to a second SS set, and the second SS set has lower ID compared to the first SS set, if the linked AL8 candidate and the linked AL16 candidate in the second SS set do not have the same start CCE, the PDCCH candidate with lower starting CCE is assumed for PUCCH resource determination.

1. PUCCH/PUSCH enhancements
1. Closed loop power control for sTRP PUCCH when the second TPR field is configured
The following was agreed to support closed loop power control when second TPC field is configured and indicated PUCCH transmission is associated with one “closedLoopIndex” value for both sTRP transmission and mTRP transmission.
	Agreement
For per-TRP closed-loop power control,
· When the second TPC field is configured and the indicated PUCCH transmission in DCI formats 1_1/1_2  (or PUSCH transmission in DCI formats 0_1/0_2) is associated with one “closedLoopIndex” value for single TRP transmission, the other TPC field associated with the other “closedLoopIndex” value is unused. 
· Note1: Each TPC field is for each closed-loop index value respectively (i.e., 1st /2nd TPC fields correspond to “closedLoopIndex” value = 0 and 1, respectively).
· Note2: When the other TPC field associated with the other “closedLoopIndex” value is unused, the unused TPC field is not applied for any legacy procedures of calculating sum of TPC command values.

Agreement
For mTRP PUCCH (or PUSCH) repetitions schemes, 
· When the second TPC field is configured and the indicated PUCCH transmission in DCI formats 1_1/1_2 (or PUSCH transmission in DCI formats 0_1/0_2) is associated with the same “closedLoopIndex” value for mutli-TRP tranmission, the other TPC field associated with the other “closedLoopIndex” value is unused. 
· Note: When the other TPC field associated with the other “closedLoopIndex” value is unused, the unused TPC field is not applied for any legacy procedures of calculating sum of TPC command values.




However, the agreement for sTRP PUCCH transmission (first agreement in above table) is not covered in the current version of TS 38.213 V17.0.0 because of the added condition. The added condition “using a PUCCH resource that includes first and second spatial settings, or first and second sets of power control parameters” can make closed power control for mTRP PUCCH be specified more clearly but can make that the description is only for mTRP PUCCH transmission. If the added condition would be removed, the second and third subbullets in the following TP (there is no change for subbullets) can capture both above two agreements. Therefore, we suggest making that part as previous version without the added condition.
Proposal 2: To capture the agreement for sTRP closed loop power control with the second TPC field, adopt the following TP in TS 38.213 V17.0.0:
	[bookmark: _Toc12021448][bookmark: _Toc20311560][bookmark: _Toc26719385][bookmark: _Toc29894816][bookmark: _Toc29899115][bookmark: _Toc29899533][bookmark: _Toc29917270][bookmark: _Toc36498144][bookmark: _Toc45699170][bookmark: _Toc92093811]7.2.1	UE behaviour
--- start of TP ---
-	If the UE transmits the PUCCH with  repetitions, as described in clause 9.2.6, using a PUCCH resource that includes first and second spatial settings, or first and second sets of power control parameters, and the UE is provided twoPUCCH-PC-AdjustmentStates for the PUCCH resource
-	If the DCI format includes two TPC command values and the PUCCH resource of the PUCCH transmission is associated with  and , the UE applies the first TPC command value for  and applies the second TPC command value for 
-	If the DCI format includes two TPC command values and the PUCCH resource of the PUCCH transmission is associated with , the UE applies the first TPC command value for  and ignores the second TPC command value
-	If the DCI format includes two TPC command values and the PUCCH resource of the PUCCH transmission is associated with , the UE applies the second TPC command value for  and ignores the first TPC command value
-	If the DCI format includes one TPC command value, the UE applies the TPC command value for all  associated with the PUCCH resource of the PUCCH transmission
--- end of TP ---




1. Clarification of UL PT-RS port determination for CB based mTRP PUSCH operation
For CB based PUSCH transmission, the actual number of UL PT-RS ports can be determined based on two TPMI fields. In current version of TS 38.214 V17.0.0, determination of the actual number of UL PT-RS ports for mTRP CB based PUSCH is specified based on two TPMIs which can be indicated by ‘'Precoding information and number of layers' field(s)’. However, the second TPMI is indicated by “Second Precoding information” in TS 38.212 V17.0.0 because the second TPMI doesn’t include layer information. For mTRP type 1 CG PUSCH, two TPMIs are configured by “precodingAndNumberOfLayers” and “precodingAndNumberOfLayers2”. To make specification clearer, we propose the following TP.

Proposal 3: To clarify determination of actual number of UL PT-RS ports, suggest the following TP:
	[bookmark: _Toc11352163][bookmark: _Toc20318053][bookmark: _Toc27299951][bookmark: _Toc29673226][bookmark: _Toc29673367][bookmark: _Toc29674360][bookmark: _Toc36645590][bookmark: _Toc45810639][bookmark: _Toc91695514]6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
--- start of TP ---
When only one SRS resource set is configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' Ffor partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI(s) and/or number of layers which are indicated by 'Precoding information and number of layers' field(s) in DCI format 0_1 and DCI format 0_2 or configured by higher layer parameter precodingAndNumberOfLayers:
[bookmark: _Hlk512520180]- if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI(s) as:
- PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI(s) share PT-RS port 1.
[bookmark: _Hlk500758550]- UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].
When two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' for partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) to transmit corresponding to each SRS resource set is determined based on TPMI(s) which are indicated by 'Precoding information and number of layers' field or both 'Precoding information and number of layers' field and 'Second Precoding information' field corresponding to the associated SRS resource set or higher layer parameter precodingAndNumberOfLayers or both precodingAndNumberOfLayers and precodingAndNumberOfLayers2 corresponding to the associated SRS resource set in rrc-ConfiguredUplinkGrant.
- if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI(s) as:
- PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI(s) share PT-RS port 1.
- UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].

--- end of TP ---




Conclusion
In this contribution, the following observations and proposals are given: 
PDCCH enhancements

Proposal 1: If two PDCCH candidates with AL8 and AL16 have the same start CCE in a CORESET with one OFDM symbol when the two PDCCH candidates are in a first SS set that is linked to a second SS set, and the second SS set has lower ID compared to the first SS set, if the linked AL8 candidate and the linked AL16 candidate in the second SS set do not have the same start CCE, the PDCCH candidate with lower starting CCE is assumed for PUCCH resource determination.

PUCCH/PUSCH enhancements

Proposal 2: To capture the agreement for sTRP closed loop power control with the second TPC field, adopt the following TP in TS 38.213 V17.0.0:
	7.2.1	UE behaviour
--- start of TP ---
-	If the UE transmits the PUCCH with  repetitions, as described in clause 9.2.6, using a PUCCH resource that includes first and second spatial settings, or first and second sets of power control parameters, and the UE is provided twoPUCCH-PC-AdjustmentStates for the PUCCH resource
-	If the DCI format includes two TPC command values and the PUCCH resource of the PUCCH transmission is associated with  and , the UE applies the first TPC command value for  and applies the second TPC command value for 
-	If the DCI format includes two TPC command values and the PUCCH resource of the PUCCH transmission is associated with , the UE applies the first TPC command value for  and ignores the second TPC command value
-	If the DCI format includes two TPC command values and the PUCCH resource of the PUCCH transmission is associated with , the UE applies the second TPC command value for  and ignores the first TPC command value
-	If the DCI format includes one TPC command value, the UE applies the TPC command value for all  associated with the PUCCH resource of the PUCCH transmission
--- end of TP ---



Proposal 3: To clarify determination of actual number of UL PT-RS ports, suggest the following TP:
	6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
--- start of TP ---
When only one SRS resource set is configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' Ffor partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI(s) and/or number of layers which are indicated by 'Precoding information and number of layers' field(s) in DCI format 0_1 and DCI format 0_2 or configured by higher layer parameter precodingAndNumberOfLayers:
- if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI(s) as:
- PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI(s) share PT-RS port 1.
- UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].
When two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' for partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) to transmit corresponding to each SRS resource set is determined based on TPMI(s) which are indicated by 'Precoding information and number of layers' field or both 'Precoding information and number of layers' field and 'Second Precoding information' field corresponding to the associated SRS resource set or higher layer parameter precodingAndNumberOfLayers or both precodingAndNumberOfLayers and precodingAndNumberOfLayers2 corresponding to the associated SRS resource set in rrc-ConfiguredUplinkGrant.
- if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI(s) as:
- PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI(s) share PT-RS port 1.
- UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].

--- end of TP ---
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