3GPP TSG-RAN WG1 Meeting #103-e	                                                  	                R1-200xxxx
e-Meeting, October 26th – November 13th, 2020


[bookmark: Source]Agenda item:	8.1.2.1
Source: 	Qualcomm Incorporated
Title: 	Discussion Summary for mTRP PDCCH Reliability Enhancements
[bookmark: DocumentFor]Document for:	Discussion/Decision

[bookmark: _Ref32248407]Introduction
The Rel-17 WID for further enhancements on MIMO (FeMIMO) includes the following objective:
2. 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 

This document focuses on PDCCH reliability part. The company proposals are summarized, and offline proposals drafted passed on company contributions. 
Summary of Contributions and Offline Proposals
[bookmark: _GoBack]Various options / alternatives / cases / multiplexing schemes have been agreed for further study in RAN1 #102-e (See Section 5). Given the specification impacts and further details, a good level of down-selection is required in this meeting in order to be able to start working on the details in the next meeting. In the following sub-section, a summary of company contributions is described, and offline proposals are drafted for the following aspects:
· Different Options
· Different Cases
· Different multiplexing schemes
· Different Alternatives and different combinations considering the above aspects
Options 1, 2, and 3
Based on RAN1 #103e contributions shown in References (see also Section 3 for detailed proposals), the company preferences are summarized for options 1-3. Note that these options are for non-SFNed based PDCCH reliability enhancements.
· Option 1 (no repetition):
· CATT, Apple, LG, Nokia/NSB (for FDM), Xiaomi, Spreadtrum (for FDM), Convida Wireless (for FDM), Qualcomm 
· Option 2 (repetition): 
· [bookmark: _Hlk54545122]FUTUREWEI, Huawei/HiSilicon, vivo, CATT, CMCC, Samsung, OPPO, Fraunhofer IIS/HHI, Nokia/NSB (for TDM), NEC, MediaTek, Intel, Xiaomi, Spreadtrum, NTT DOCOMO, Ericsson
· Option 3 (multi-chance):
· vivo, ZTE, CATT, Samsung, LG, Fraunhofer IIS/HHI, Lenovo/MotM 

With respect to performance evaluation results, the following is observed:
· The following companies observe that Option1 and Option 2 have similar performance given the same amount of resources w/ and w/o blockage: Apple, Intel, Qualcomm
· The following companies observe that Option2 performs better than Option1 at least in the presence of blockage: Huawei/HiSilicon, ZTE, Samsung, Ericsson
· The following companies observe that Option1/Option2 performs better than Option 3 
· When there is no blockage: Huawei/HiSilicon, ZTE, CATT, Fraunhofer, Intel, NTT DOCOMO, Qualcomm
· Even in the case of blockage: Fraunhofer, Intel, Qualcomm (for AL=2)

With respect to specification impact, while the details depend on specific Alts/Cases/Schemes, the following is mentioned by different companies and can be considered as potential specification impacts that require further discussions:
	Option 1
	· Configuration / association related: TCI state activation for a CORESET, Association / configuration of REG bundles (for FDM) / OFDM symbols (for TDM) with TCI state
· Procedural related: CCE-REG mapping (for FDM), precoding assumption (for TDM), implicit BFD resource for BFR, default beam when CORESET has 2 TCI states  

	Option 2
	In addition to impacts mentioned for option 3 below, the following potential specification impacts are mentioned:
· Procedural related: BD limits (inter and intra-slot and inter and intra-span may require different changes), overbooking (applicable to Alt 1-3 and 3), SFI indication in DCI format 2_0, Interrupted transmission indication by DCI format 2_1, Uplink cancelation indication by DCI format 2_4

	Option 3
	· Configuration / association related: Depends on Alts 1-2/1-3/2/3, but similar changes and/or constraints are expected (e.g. TCI state should be associated to PDCCH candidates or SS sets for Alt 1-2/1-3, association between SS set and two CORESETs for Alt2, and constraints for Alt3). Also, the linkage between PDCCH candidates are required for Case 2.
· Procedural related: 
· HARQ-Ack related: DAI for Type-2 codebook, implicit PUCCH resource determination for >8 PUCCH resources in the resource set
· Timing related: Slot offset (applicable to inter-slot) for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, Reference for SLIV when “ReferenceofSLIV-ForDCIFormat1_2”, scheduling offset for “timeDurationForQCL”, Interruption time for BWP switching, Out-of-order / in-order definition for PDCCH-to-PDSCH, and PDCCH-to-PUSCH, drx-InactivityTimer for DRX, Search space set group switching by DCI format 2_0, TPC command in DCI formats 2_2 and 2_3
· Rate matching PDSCH around scheduling DCI resources
· CORESETPoolIndex related issues when used in a multi-DCI CC



With respect to UE complexity, it is commonly understood by companies that Option 1 has smaller complexity compared to option 2.
Given the above preferences and discussions, it is not clear how to proceed. Option 2 has relatively more support but other Options are also supported by 7-8 companies. In terms of spec effort, Option 2 / 3 have much more impact. Option 1 has the smallest spec impact, but may result in some restrictions as mentioned by some companies (e.g. AL=1 with REG bundle size=6 for FDM, or 1-symbol CORESET for TDM cannot be supported). In terms of performance, observations are not the same among the companies who provided simulation results.
Based on above, in this meeting, the group can decide between Proposals 1-1, 1-2, and 1-3 below. Note that in the case of Proposal 1-2 / 1-3, we still need to have some progress on details of each option in this meeting. Also, note that SFN case is separately discussed in Section 2.3.
Proposal 1: For non-SFN schemes, choose one of the following in RAN1 #103e
· Proposal 1-1: Support Option 2. 
· Proposal 1-2: Further evaluate and study the specification impact of different options, and down-select one option among options 1 and 2 in RAN1 #104e (i.e., option 3 is not considered further)
· Discuss some details of options 1 and 2 in this meeting in terms of the specification impact.   
· Proposal 1-3: Further evaluate and study the specification impact of different options, and down-select one option among options 1, 2 and 3 in RAN1 #104e.
· Discuss some details of each option in this meeting in terms of the specification impact.   
Please indicate your preference among Proposal 1-1, proposal 1-2, and Proposal 1-3. Also, please express your views in terms of specification impact and/or performance based on / in addition to the summary above to align understanding. 
	Company
	Comments

	
	



Cases 1 and 2 for Options 2/3
For Options 2 / 3 (repetition / multi-chance), two cases were agreed for further study. Based on RAN1 #103e contributions, the company preferences are summarized for Cases 1 / 2:
· Case 1 (Two or more PDCCH candidates are explicitly linked): 
· [bookmark: _Hlk54535847]FUTUREWEI, Huawei/HiSilicon, vivo, Fujitsu, CATT, CMCC, Samsung (for option 2), OPPO, Fraunhofer IIS/HHI, Nokia/NSB, NEC, MediaTek, Intel, Spreadtrum, Convida Wireless, NTT DOCOMO, Ericsson
· Case 2 (Two or more PDCCH candidates are not explicitly linked): 
· vivo, ZTE, Samsung (for option 3)

Case 1 has a clear majority support. It is commonly understood that Case 2 is only applicable to Option 3 (multi-chance) and is not applicable to Option 2 (repetition). Otherwise, Option 2 becomes the same as Option 3 from UE / specification point of view. On the other hand, Case 1 is applicable to both Option 2 and Option 3. Furthermore, it is mentioned by multiple companies (e.g. OPPO, Apple, NEC, Ericsson, Qualcomm) that Case 2 results in ambiguity between UE and gNB and scheduling restrictions. For Case 1, different linking options are proposed by different companies such as a fixed rule based on the same PDCCH candidate index, based on start CCE, or based on configuration. Further details also depend on different Alts. 
Proposal 2: If Option 2 or 3 is agreed, only Case 1 (explicit linking) is supported.
	Company
	Comments

	
	



Multiplexing Schemes
Three multiplexing schemes were agreed for further study. Based on RAN1 #103e contributions, the company preferences are summarized below:
· TDM: 
· FUTUREWEI, Huawei/HiSilicon, vivo, ZTE, Fujitsu, CATT, CMCC, Samsung, OPPO (higher priority), LG (high priority), Nokia/NSB, Lenovo/MotM (as baseline), MediaTek, Intel, Spreadtrum, Convida Wireless, NTT DOCOMO, Ericsson, Qualcomm
· FDM: 
· FUTUREWEI, Huawei/HiSilicon, Fujitsu, CATT, CMCC, OPPO, LG, Fraunhofer IIS/HHI, Nokia/NSB, Lenovo/MotM, Intel, Spreadtrum, Convida Wireless, NTT DOCOMO, Ericsson, Qualcomm
· SFN: 
· FUTUREWEI, vivo, ZTE, CATT, CMCC, OPPO, LG, Lenovo/MotM, NTT DOCOMO

With respect to performance evaluation results, the following is observed:
· The following companies observe that FDM (or TDM) performs better than SFN: Huawei/HiSilicon, 
· The following companies observe that SFN performs similar to FDM (or TDM): Vivo, ZTE, Fraunhofer (with a note that in practice, this may not be the case)

As mentioned by multiple companies, TDM should be supported as it is required for UE with one panel in FR2. The benefit of FDM and SFN is lower latency, but they require multi-panel capability in FR2. Furthermore, transparent SFN is already possible at least for FR1. 
Proposal 3: Choose one of the following in RAN1 #103e
· Proposal 3-1: Support both TDM and FDM schemes. Further study SFN scheme.
· Proposal 3-2: Support TDM, FDM, and SFN.
· Proposal 3-3: Support TDM scheme. Down-select at least one scheme between FDM and SFN in RAN1 #104e.
Please indicate your preference among Proposal 3-1, proposal 3-2, and proposal 3-3. Also, please indicate which one is not acceptable to you.
	Company
	Comments

	
	



Alternatives and different combinations
To enable a PDCCH transmission with two TCI states, different Alts have been agreed in RAN1 #102e. Based on RAN1 #103e contributions, the company preferences are summarized below:
· Alt 1-1 (one CORESET with 2 TCI states; one PDCCH candidate):
· Vivo (for SFN and SFN+TDM), CATT, OPPO, Apple, LG, Nokia/NSB (for FDM), Xiaomi, Spreadtrum, Convida Wireless (for FDM), Qualcomm
· Alt 1-2 (one CORESET with 2 TCI states; two or more PDCCH candidates in the same SS set):
· CATT, Nokia/NSB (for TDM), MediaTek (second preference if multiple monitoring occasions)
· Alt 1-3 (one CORESET with 2 TCI states; two or more PDCCH candidates in different SS sets):
· Huawei/HiSilicon, Vivo, TCL comm., CATT, CMCC, MediaTek (second preference if multiple monitoring occasions), Xiaomi, NTT DOCOMO
· Alt 2 (one SS set associated with 2 different CORESETs):
· CATT, Sony, Fraunhofer IIS/HHI, Ericsson
· Alt 3 (two SS sets associated with corresponding CORESETs): 
· FUTUREWEI, Huawei/HiSilicon, ZTE (for option 3), CATT, CMCC, Samsung, Sony, Fraunhofer IIS/HHI, Nokia/NSB (for TDM), MediaTek (first preference), Intel, Xiaomi, Spreadtrum, Convida Wireless (for TDM), NTT DOCOMO, Ericsson

Decision on the alternatives depends on the decision on Options (1/2/3) and to some extend on the decision on multiplexing schemes. The following combinations have been considered by companies as valid / reasonable:
· Combination A: Alt 1-1 combined with Option 1 (for TDM / FDM) and/or combined with SFN
· Combination B: Alt 1-2/1-3/2/3 combined with Option 2 / Option 3 (for TDM / FDM)

Proposal 4-1: For PDCCH reliability enhancements, only the following combinations are further considered:
· Combination A: Alt 1-1 combined with Option 1 (for TDM / FDM) and/or combined with SFN
· Combination B: Alts 1-2/1-3/2/3 combined with Option 2 / Option 3 (for TDM / FDM)

	Company
	Comments

	
	



For Combination B, one alternative among Alts 1-2/1-3/2/3 should be supported. Among these, Alt 3 has the majority support. It is preferred to down-select to one alternative so that further discussions become more focused. Furthermore, some of the companies that prefer a different alternative acknowledge that all Alts achieve the same functionality and have more or less similar specification impact.
Proposal 4-2: If Option 2 or 3 is agreed, Alt 3 (Two SS sets associated with corresponding CORESETs) is supported.
	Company
	Comments

	
	



Detailed Proposals / Observations

	FUTUREWEI
	· Support at least Alt 3 (Two SS sets associated with corresponding CORESETs) and Option 2 (repetition)
· At least TDM and/or FDM and/or SFN for FR1; TDM for FR2
· Support Case 1

	Huawei, HiSilicon
	· Support Option 2 (repetition) for multi-TRP PDCCH transmission
· Case 1 (explicit linkage)
· Support both TDM and FDM
· For Option 2, slightly prefer Alt 3 or Alt 1-3 to enable two TCI states for PDCCH

	InterDigital, Inc.
	Alt. 1-1 is not supported

	vivo
	Support SFN, TDM and combination of the two for multi-TRP PDCCH enhancement
Support Alt1 for association of CORESETs and search space for PDCCH reliability enhancement:  
· adopt Alt1-1 to support SFN and SFN+TDM scheme. 
· adopt Alt1-3 to support explicitly and implicitly linked PDCCH chances/candidates

	ZTE
	· The following sub-schemes for scheme 1 (No repetition) achieve similar functionality and UE complexity
· Scheme 1-1: SFN
· Scheme 1-2 ( Option1 + Alt1-1 + FDM), i.e. one PDCCH resource is split into two frequency parts which correspond to different TCI states
· Scheme 1-3 ( Option1 + Alt1-1 + TDM), i.e. one PDCCH resource is split into two sets of OFDM symbols which correspond to different TCI states
· For a UE with capability of soft combining, the following sub-schemes of scheme 2 (repetition, UE can do soft combining) achieve similar functionality and UE complexity
· Scheme 2-1 ( Option2 + Alt1-2 + Case1) , i.e. two PDCCH candidates of one SS are explicitly linked 
· Scheme 2-2 ( Option2 + Alt1-3 + Case1) , i.e. two PDCCH candidates of two SS within one CORESET are explicitly linked
· Scheme 2-3 ( Option2 + Alt2 + Case1) , i.e. one SS is associated with two CORESETs
· Scheme 2-4 ( Option2 + Alt3 + Case1) , i.e. two SS associated with corresponding CORESETs
· Scheme 3, i.e. multi-chance PDCCH transmission has very good flexibility and backward compatibility with Rel-15/16
· Scheme 3: ( Option 3 +  Alt3 + Case 2), separate DCIs from two SS associated with corresponding CORESETs  can schedule the same PDSCH /PUSCH /RS/TB/etc. or result in the same outcome
· Support two DCIs in the same slot or different slots. An additional slot offset between one DCI and the correspondingly scheduling signaling is supported.  
· Two DCIs can also trigger independent signaling as Rel-16/15
· Support scheme 1-1(SFN) and scheme 3(multi-chance) for UE with and without two receive beams capability respectively

	Fujitsu
	· Support both the TDM scheme and FDM scheme
· At least supports Case 1

	TCL communication
	· For one CORESET with two active TCI states, Alt 1-3 is preferred

	CATT
	· TDM, FDM and SDM (SFN) based multiplexing schemes can be supported
· The following detailed schemes can be considered for TDM and FDM,
· Intra-CORESET multiplexing
· Intra-slot multiplexing with different CORESETs
· Inter-slot multiplexing with the same CORESET index in each slot 
· Inter-slot multiplexing with different CORESET indexes in each slot
· The following combinations for non-SFN schemes can be supported,
· Alt. 1-1 + Option 1
· Alt. 1-2, 1-3, 2, 3 + Option 2/3
· The following linkages among multiple PDCCH candidates can be considered to reduce complexity of blind detection.
· Linkage 1: Indexes of linked PDCCH candidates or SS sets or CORESETs can be configured or predefined.
· Linkage 2: Time and frequency resources of one DCI can be indicated by other DCI.
· Linkage 3: Association of TCI states of multiple repetitions can be configured, predefined or indicated by one DCI.
· Linkage 4: Aggregation levels of linked PDCCH candidates can be configured or predefined.
· Transmission schemes which require soft combining or independent decoding at the receiver can both be considered to enhance PDCCH reliability

	CMCC
	· Support TDM, FDM, and SFN schemes for different UE capabilities and different use cases
· For SFN scheme, the DMRS of PDCCH can be associated with two TCI state indices, where two TCI states are indicated by MAC CE
· Support repetition scheme (Option 2) for PDCCH from different TRPs to improve PDCCH reliability
· Support Alt 1-3 (Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET) and Alt 3 (Two SS sets associated with corresponding CORESETs) for PDCCH from different TRPs to improve PDCCH reliability
· Support explicit linkage (case 1) between PDCCH candidates from different TRPs

	Samsung
	· Support both Option 2 and Option 3 for multi-TRP PDCCH repetition. Careful consideration of UE implementation complexity of Option 2 (repetition) is needed
· Support TDM based PDCCH repetition as a starting point
· On resource configuration for multi-TRP based PDCCH repetition, support Alt3
· For multi-chance, support implicit linkage based on the contents between each repeated DCI contents
· Support modified counting rule and the maximum limit for the number of monitored PDCCH candidates and non-overlapped CCEs based on a manner of PDCCH enhancement: no repetition, repetition, multi-chance
· Support modified overbooking rule enabling to select the subset of PDCCH candidates and CCEs in a common or UE-specific search space sets which include repeated PDCCH candidates

	OPPO
	· Support one CORESET with two active TCI states for PDCCH enhancement based on multi-TRP
· Repetition(option 2) is preferred for non-SFN based mTRP PDCCH reliability enhancement
· For PDCCH enhancement, inter-slot TDM transmission without repetition is not supported
· It is hard to support FDM for no repetition with aggregation level 1 under some REG bundle size and duration of  CORESET
· How to ensure same time and frequency domain resource between 2 SS sets needs further study for Alt 2 and Alt 3
· Support one or more multiplexing schemes (TDM, FDM, SFN and combined scheme) based on the framework of Rel-15/16 as much as possible.
· TDM has higher priority than FDM considering lower reception requirement.
· FDM and SFN are workable only for advanced UE with two simultaneous RX beam in FR2
· Support Alt 1-1, i.e., one PDCCH candidate is associated with both TCI states of the CORESET
· Support explicit linkage between PDCCH candidates if Alt 1-2/1-3/2/3 is agreed

	Sony
	· Support both Alt2(One SS set associated with two different CORESETs) and Alt3(Two SS sets associated with corresponding CORESETs)
· For TDM scheme, specify the UE capability whether the UE can monitor simultaneously two CORESETs using different antenna panels in UE side
· Specify the gap between two different PDCCH from different TRPs for the UE without simultaneous reception capability

	Apple Inc.
	· Compared to option 2 (repetition) and option 3 (multi-chance), option 1 (no repetition) is preferred, where REG bundle level beam cycling is supported.
· Support Alt1 (One CORESET with two active TCI states).

	LG Electronics
	· TDM based MTRP PDCCH scheme should be supported with priority and FDM based scheme or SFN based enhancement can be considered additionally
· Support 2 TCI states configuration/activation for a single CORESET for MTRP PDCCH scheme.
· For multi-chance PDCCH scheme, Option 3 can be considered with priority if additional gain from soft combining is not fully justified, taking into account UE complexity and specification impact.
· For single-chance PDCCH scheme, FDM based Option 1 and SFN based enhancement can be considered

	Fraunhofer IIS, Fraunhofer HHI
	· For Alt 1-2/1-3/2/3, two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding).
· The decoding method employed and the corresponding number BD attempts for a pair of linked PDCCH candidates to be calculated towards the BD limit is as follows:
· Soft-combining: 1
· Hybrid decoding or selection decoding: 2
· Consider one of the following transmission schemes for PDCCH reliability enhancement
· Alt 2: One SS set associated with two different CORESETs
· Alt 3: Two SS sets associated with corresponding CORESETs
· Use MAC-CE for the signalling of the association of the SS set with one or more CORESETs for Alt-2 or the association between two SS sets for Alt-3.
· FDM is preferred to TDM for PDCCH repetition or multi-chance PDCCH

	Nokia, Nokia Shanghai Bell
	· Consider Alt 1-1 + option 1 + FDM combination with higher priority
· Support Alt 1-2 + option 2 + TDM combination with the following considerations, 
· Support activating two TCI states per CORESET
· Activated TCI states of the CORESET and monitoring occasions defined by the SSSs to that CORESET shall be mapped with a predefined rule or configuration by considering a fixed period
· Alt 1-3 related combinations shall not be considered further
· For PDCCH reliability enhancement, Alt 2 related combinations shall not be considered further
· Consider Alt 3 + option 2 + TDM combination with higher priority for down selection with other combinations. 
· If supported, further study mechanism to enable linking between SS sets such that soft combining can be supported at the UE

	Lenovo, Motorola Mobility
	· TDM schemes can be considered as the baseline for PDCCH enhancement
· For FR2, FDM/SFN schemes can be considered only for UE with high capability
· Configurations:
· Configuration Alt.1-1 can be used for FDM/SFN
· Configuration Alt.1-2/Alt.1-3 can be used for TDM/FDM
· Configuration Alt.1-3 can provide flexible parameter configuration for each search space set associated with one TCI state of the CORESET with tradeoff of increasing of search space set number
· For configuration Alt. 2, schemes for REG to CCE mapping and CCEs to candidate mapping based on multiple CORESETs need being further studied
· For configuration Alt. 3, it can be used for TDM/FDM based enhanced PDCCH transmission with the most flexible configuration and can be easily combined with repetition scheme to meet higher reliability requirement
· Support Option 3
· One-one mapping may be used for determining linked candidates from different candidate set with different TCI states
· Use sequence number to identify the DCIs serving the same purpose
· If multiple DCIs serving the same purpose can be sent out at different time, introduce in each DCI a timing offset to the time the last DCI is sent to avoid timing ambiguity

	NEC
	· Two PDCCH candidates each with one TCI state should be supported, and option 2 (repetition) should be supported
· Two PDCCH candidates are explicitly linked together
· Same payload for PDCCH repetitions should be further studied, at least including scheduling offset and DAI field, and explicit linking between PDCCH candidates can be utilized

	MediaTek Inc.
	· Support Alt 3 as the first preference. Also, we can support Alt 1-2 with multiple monitoring occasions and Alt 1-3 as the second preference
· TDM should be prioritized in order to relax the UE complexity.
· Both intra-slot and inter-slot TDM
· Support Option 2 (Repetition) and Case 1 (Explicit linkage) to use soft combining

	Intel Corporation
	· Support repetition scheme (option-2) due to the following
· Repetition schemes are compatible with selection diversity based low complexity receivers that can provide performance within a dB of soft-combining receivers especially in the presence of blockage
· Repetition schemes can support AL16+AL16 (plus inter-slot repetition) providing better performance than AL16 joint-coding scheme even with selection diversity reception
· Support both intra-slot and inter-slot mTRP PDCCH repetition that allows joint scheduling of PDCCH across multiple slots at the gNB to reduce blocking probability.
· Support dynamic switching between sTRP and mTRP PDCCH transmission to reduce PDCCH blocking probability
· Support TDM/FDM and combinations thereof for transmitted PDCCH repetitions from multiple TRPs
· Support Alt-3
· Specify linkage of PDCCH candidates between TRP-1 and TRP-2

	Xiaomi
	· Alt 1 and Alt 3 are more preferred than Alt 2
· Alt 1-1 and Alt 1-3 are more preferred than Alt 1-2
· For Alt 1-3/2/3, Case 1 is more preferred. For Alt 1-2, both Case 1 and Case 2 should be supported
· To discuss TCI states configured per SS set if Alt 1-3 is supported
· To support two FDM PDCCH candidate sets for two SS set respectively in Alt 1-3
· Option 1 and Option 2 should be considered with higher priority than Option 3

	Spreadtrum Communications
	· To enable PDCCH transmission(s) with two TCI states,  at least one of the following can be further studied:
· Alt 1-1 for one PDCCH candidate case 
· Alt3 for two or more  PDCCH candidate case 
· For multi-TRP operation, support the following design in frequency domain resource allocation for PDCCH enhancement
· when precoderGranularity is configured with sameAsREG-bundle, even CCEs/REG bundles within the allocated frequency resource of the Coreset are associated with TCI state 1 and odd CCEs/REG bundles are assigned to TCI state 2. 
· when precoderGranularity is configured with allContiguousRBs, first ⌈CCEs/2⌉ /⌈REG bundles/2⌉are associated with TCI state 1 and the remaining ⌊CCEs/2⌋ /⌊REG bundles/2⌋ are assigned to TCI state 2
· For two (or more) PDCCH repetition across multi-TRP, Case 1 can be prioritized for further study
· For multi-TRP operation in FDM manner, for the linkage between two sets of PDCCH candidates, at least consider one of the following:
· Method-1: The linkage between PDCCH candidates across multi-TRP can be designed by a pre-defined rule.
· Method-2: The linkage between PDCCH candidates across multi-TRP can be indicated via high layer signalling, e.g. RRC, MAC CE
· For multi-TRP PDCCH enhancement, both intra-slot and inter-slot TDM based scheme can be considered for further study

	Convida Wireless
	· Support Alt 1-1 for FDM
· Support Alt 3 for TDM
· Support Case 1: PDCCH candidates with the same candidate index are linked

	NTT DOCOMO, INC
	· For Alts:
· Alt. 1-1-b, i.e. one PDCCH candidate is associated with both TCI states for the CORESET, and each RE of the candidate is associated with both TCI states, should be supported for SFN scheme. 
· Alt. 1-1-a, i.e. one PDCCH candidate is associated with both TCI states for the CORESET, and different symbols/REs/REGs of the candidate are associated with different TCI states, respectively, can be further studied for no repetition scheme.
· Down select from Alt. 1-3 and Alt. 3 for TDM/FDM repetition/multi-chance scheme.
· Do not support Alt. 1-2 and Alt. 2.
· At least support option2
· At least support Case 1

	Ericsson
	· For single PDCCH approach, further study is needed on resource partitions between two TRPs and their impact on PDCCH performance
· Treat intra-slot PDCCH repetition with higher priority than inter-slot repetition
· Rather similar spec changes required for Alt.2 and Alt.3.  Additional constraints are needed for linked SS sets in Alt.3
· Significant design efforts may be required on REG to TCI state mapping for Alt.1
· TDM should be  supported with higher priority in FR2. Both TDM and FDM are supported in FR1
· To support PDCCH repetition within a CORESET associated with two TCI states, changes are needed on PDCCH resource allocation for TDM operation
· The benefit of Alt.1-3 with PDCCH repetition in two SS sets associated with a same CORESET activated with two TCI states is unclear
· Explicit linkage is required between PDCCH candidates scheduling a same PDSCH/PUSCH/CSI-RS/SRS

	Qualcomm Incorporated
	· Do not consider Option 3 (multi-chance) further
· Support Option 1 (no repetition)
· The following combinations are valid:
· Combination 1: Alt 1-1 + Option 1
· Combination 2: Other Alts + Option 2 + Case 1
· Combination 3: Other Alts + Option 3 + Case 1
· Combination 4: Other Alts + Option 3 + Case 2
· Specification impact:
· Combination 1 (Alt 1-1 + Option 1) has considerably smaller specification impact compared to other combinations.
· Combination 2 (Other Alts + Option 3 + Case 1) and Combination 3 (Other Alts + Option 3 + Case 1) have significant specification impact. Compared to Combination 2, Combination 3 has slightly smaller specification impact.
· For Combination 2 and 3, specification impact is slightly smaller when Alt 3 is used compared to Alt 1-2, 1-3, and 2. 
· Certain issues are not easily solvable for Combination 4 (Other Alts + Option 3 + Case 2) resulting in major scheduling limitations and/or mismatch between UE and gNB
· Support Combination 1 (Alt 1-1 + Option 1).
· For FDM scheme in Alt 1-1, study how to associate each REG bundle with a TCI state, including first/second half or even/odd REG bundle splitting rules
· For CCE-to-REG mapping in FDM scheme in Alt 1-1, the REG bundles associated with different TCI states are separately interleaved using the Rel. 15 interleaving formula, and each CCE j is mapped to REG bundles from the first set or REG bundles from the second set
· For TDM scheme in Alt 1-1, precoding granularity is defined within the symbols with the same TCI state for both cases of “precoderGranularity=allContiguousRBs” and “precoderGranularity=sameAsREG-bundle”
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Appendix: Previous Agreements
Agreement
The following is agreed for evaluation of PDCCH
· According to the evaluation scenario (e.g., at FR1 in urban macro / at FR1 in indoor hotspot / at FR2 in indoor hotspot), one of three Tables (Table A.3-1 ~ A.3-3) of 38.824 can be a baseline of EVM for Rel-17 FeMIMO item 2a.
· System bandwidth other than those mentioned in the Tables can be considered and reported by the companies. 
· In addition, the following table is used for EVM for Rel-17 FeMIMO item 2a (Common assumptions for PDCCH/PUCCH/PUSCH)
	[bookmark: _Hlk49163453]Parameters
	Values

	The number of TRPs
	2

	Channel model
	TDL for FR1 (CDL for FR1 can be optionally used)
CDL for FR2 (TDL for FR2 can be optionally used)

	Path-loss modeling
	{0,3,6} dB gap between TRPs

	Blockage
	[bookmark: _Hlk49164794]Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.

	Target BLER
	[10^-3, 10^-4, 10^-5]: BLER values shown in plots should be based on enough number of samples, e.g., ~100/BLER samples


· The following table is used for detailed assumptions for PDCCH
	Parameters
	Values

	Baseline schemes
	Option 1: Rel-15 PDCCH
Option 2: Spec transparent SFN
For FR1: Both options 1 and 2 can be considered
For FR2: Option 1.

	AL
	8 as baseline. Companies are encouraged to simulate other AL’s additionally for different code rate regimes.

	# of RBs/symbols
	1 or 2 symbols. Companies to report # of RBs. 

	DCI payload
	40+24(CRC)=64 as baseline. Other payload values are not precluded. 

	CCE-to-REG mapping
	Both Interleaved and non-interleaved can be considered. Companies to report the assumptions including interleaverSize in the case of interleaved.

	REG bundling size
	6 and 2 as baseline.

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle as baseline.
Closed-loop precoding can be used optionally

	Schemes
	Details of the schemes used (including TDM,FDM, etc.) to be reported by companies.

	Receiver assumption 
	Up to companies to report



Agreement
To enable a PDCCH transmission with two TCI states, study pros and cons of the following alternatives:
· Alt 1: One CORESET with two active TCI states
· Alt 2: One SS set associated with two different CORESETs
· Alt 3: Two SS sets associated with corresponding CORESETs
· At least the following aspects can be considered: multiplexing schemes (TDM / FDM/ SFN / combined schemes), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.

Agreement
For non-SFN based mTRP PDCCH reliability enhancements, study the following options:
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
· Study both intra-slot repetition and inter-slot repetition
· Option 3 (multi-chance): Separate DCIs that schedule the same PDSCH /PUSCH /RS/TB/etc. or result in the same outcome.
· Study both cases of DCIs in the same slot and DCIs in different slots
Note 1: Companies are encouraged to evaluate the different options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.
Note 2: The actual encoding / rate matching chain for PDCCH polar coding (i.e. 38.212 Sections 5.3.1 / 5.4.1 / 7.3.3 / 7.3.4) is not changed in the options above.

Agreement
For mTRP PDCCH reliability enhancements, study the following multiplexing schemes
· TDM : Two sets of symbols of the transmitted PDCCH / two non-overlapping (in time) transmitted PDCCH repetitions / non-overlapping (in time) multi-chance transmitted PDCCH are associated with different TCI states
· Aspects and specification impacts related to intra-slot vs inter-slot to be discussed
· FDM : Two sets of REG bundles / CCEs of the transmitted PDCCH / two non-overlapping (in frequency) transmitted PDCCH repetitions / non-overlapping (in frequency) multi-chance transmitted PDCCH are associated with different TCI states
· SFN : PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH 
· Note: There is dependency between this scheme and AI 2d (HST-SFN )
· Note: Combinations of the schemes are not precluded, and they can be discussed at a later stage.

Agreement
For Alt 1 (one CORESET with two active TCI states), study the following 
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.
· Alt 1-2: Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively 
· Alt 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET 
· Note 1: A set of PDCCH candidates contain a single or multiple PDCCH candidates, and a PDCCH candidate in a set corresponds to a repetition or chance
· Note 2: How one or more PDCCH candidates are counted for monitoring (for BD limit) is FFS 
· The note is applicable also to other alternatives 

Agreement
For Alt 1-2/1-3/2/3, study the following
· Case 1: Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding) 
· FFS: How the explicit linkage is derived/determined by the UE
· Case 2: Two (or more) PDCCH candidates are not explicitly linked together (UE does not know the linking before decoding) 
· FFS: How the UE knows the linkage after decoding 

