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Introduction
In RAN #98 meeting, the following agreements on multi-TRP transmission were achieved [1].
Agreement
In case higher layer index per CORESET is configured, 
· For multi-PDCCH based multi-TRP operation, when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET (if configured) and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.
Agreement
For joint dynamic HARQ-ACK codebook among M-TRP, select one from following alternatives in RAN1#98bis
· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 
· Alt 2: counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).
Agreement
With regarding to PUCCH resource group for M-DCI NCJT transmission, select one of following options in RAN1#98bis
· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets
· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.
Agreement
At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: (down-select one option from following in RAN1#98bis):
· Alt1: configured CRS patterns for all PDSCHs transmitted from multiple TRPs
· Alt2: configured CRS patterns which are associated with a higher layer signalling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

In this contribution, we provide our considerations for multi-TRP/panel transmission enhancements based on the above agreements, for multi-PDCCH design with ideal/non-ideal backhaul and single-PDCCH design.
Discussion	 on Multi-PDCCH based multi-TRP/Panel transmission
For multi-PDCCH based multi-TRP/Panel transmission, multiple PDCCHs each schedules a separate NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP. In this section, PDSCH scrambling, rate matching, PUCCH differentiation mechanism, PUCCH resource group and joint HARQ ACK/NACK feedback are discussed for multi-PDCCH based multi-TRP/Panel transmission enhancements.
· PDSCH scrambling
In Rel-15 PDSCH scrambling procedure, a pseudo-random sequence is used to scramble the code word sequence in order to avoid persistent interference. The scrambling sequence generator is initialized with

where  equals the higher-layer parameter dataScramblingIdentityPUSCH if configured and  corresponds to the RNTI associated with the PUSCH transmission [2]. For multi-TRP/Panel transmission, if different TRPs are in the same serving cell, the PDSCH scrambling sequences form these TRPs will be the same for UE, which may cause persistent interference. 
In RAN1 #98 meeting, it was agreed that when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET (if configured) and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index. However, how to associate dataScramblingIdentityPDSCH with TRPs needs to be further studied.
Noted that dataScramblingIdentityPDSCH is a parameter in PSCDH-Config information element. In our view, there are two methods can be utilized to associate multiple dataScramblingIdentityPDSCH with different TRPs. 
Method 1: support multiple PDSCH-Config. Since PDSCH-Config includes a lot of parameters that may need to be separately transmitted from different TRPs, e.g. tci-StatesToAddModList, tci-StatesToReleaseList, rateMatchPatternToAddModList, rateMatchPatternToReleaseList, etc. Thus, an effective way to associate dataScramblingIdentityPDSCH with different TRPs is to support multiple PDSCH-Config. Then different PDSCH-Config can be linked with different CORESETs or CORESET groups, and further linked with different TRPs. In order not to introduce additional signaling cost, an implicit mapping method from PDSCH-Config to TRP can be used. For instance, assume the higher layer signaling index per CORESET is introduced, we use “CORESET group ID” to present such index, and CORESET group #0 corresponds to the first TRP while  CORESET group #1 corresponds to the second TRP. Then the first PDSCH-Config is associated with CORESET group #0 and the second PDSCH-Config is associated with CORESET group #1. In this way, the association between dataScramblingIdentityPDSCH and TRP is established.
Method 2: support multiple dataScramblingIdentityPDSCH in a PDSCH-Config. Then different dataScramblingIdentityPDSCH can be linked with different CORESETs or CORESET groups, and further linked with different TRPs. Similar to method 1, the first dataScramblingIdentityPDSCH is associated with CORESET group #0 and the second dataScramblingIdentityPDSCH is associated with CORESET group #1. In this way, the association between dataScramblingIdentityPDSCH and TRP is established.
Proposal 1: In order to support multiple dataScramblingIdentityPDSCH, there are two alternatives:
· Alt1. support multiple PDSCH-Config.
· Alt2. support multiple dataScramblingIdentityPDSCH in a PDSCH-Config.
Proposal 2: Different PDSCH-Config/dataScramblingIdentityPDSCH, if supported, can be linked with different CORESETs or CORESET groups in order to associate dataScramblingIdentityPDSCH with TRPs.
In case the higher layer index per CORESET is not configured, default association between dataScramblingIdentityPDSCHs and TRPs should be predefined. For instance, consider 2 dataScramblingIdentityPDSCH are configured for 2 TRPs. Since one CORESET in a “PDCCH-config” corresponds to one TRP, assume CORESET #A corresponds to 1st TRP and CORESET #B corresponds to 2nd TRP. Then default mapping between dataScramblingIdentityPDSCH and CORESET can be predefined first, for instance: 1st dataScramblingIdentityPDSCH  corresponds to CORESET #A and 2nd  dataScramblingIdentityPDSCH  corresponds to CORESET #B. Then PDSCHs scheduled with DCIs detected on CORESET #A and CORESET #B can be scrambled by different dataScramblingIdentityPDSCH .
Proposal 3: In case the higher layer index per CORESET is not configured, default association between dataScramblingIdentityPDSCHs and TRPs should be predefined.
· Rate matching
For multi-DCI based multi-TRP/panel transmission, 2 alternatives are proposed for rate matching in RAN1 #98, i.e. UE shall rate match around:
· Alt1: configured CRS patterns for all PDSCHs transmitted from multiple TRPs
· Alt2: configured CRS patterns which are associated with a higher layer signalling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
In our view, if UE rate match around configured CRS patterns for all PDSCHs transmitted from multiple TRPs, large unnecessary overhead is introduced. Thus, rate matching around LTE CRS pattern should be applied for different TRP separately. Therefore, we support Alt.2.
Proposal 4: Rate matching for multi-DCI based multi-TRP/panel transmission, Alt.2 should be supported, i.e. UE shall rate match around configured CRS patterns which are associated with a higher layer signalling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· PUCCH differentiation
In downlink transmission, it was agreed that PDCCH/PDSCH from different TRPs are differentiated by CORESETs. While in uplink transmission, the mechanism about how to differentiate PUCCH transmissions is not determined yet. In RAN1 #97 meeting, an index is introduced, identified by which the UE can be able to generate separate ACK/NACK codebooks for separate ACK/NACK feedback for PDSCHs received from different TRPs. However, details about the index are not determined yet. In our view, the higher layer index per CORESET can be used as the index for PUCCH differentiation.
Proposal 5: For separated ACK/NACK feedback, the UE should be able to generate separate ACK/NACK codebooks identified by the higher layer index per CORESET.
· PUCCH resource group
In RAN1 #98 meeting, 2 options are proposed for PUCCH resource group for M-DCI NCJT transmission:
· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets.
· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped. 
In our view, we think that PUCCH resources for different TRPs should be non-overlapping and be separated configured. Thus, explicit PUCCH resource grouping configuration is a better choice.
Proposal 6: For PUCCH resource group for M-DCI NCJT transmission, Option 1 should be supported, i.e. support configuring explicit PUCCH resource grouping over resource or resource sets. 
· Joint HARQ ACK/NACK feedback
HARQ-ACK codebook needs to be enhanced in order to support joint HARQ ACK/NACK feedback for multi-PDCCH based multi-TRP/panel transmission.
Firstly, for joint HARQ-ACK codebook among M-TRP, the order of detected DCI is different from Rel-15 since additional parameter “TRP index” may be introduced. In Rel-15, for PUCCH resource determination, detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion (PMO) indexes. If parameter like “TRP index” is introduced, the algorithm for detected DCI indexing may have 3 possibilities, as shown in Fig.1.

Fig. 1 Potential impact on algorithm for detected DCI indexing when “TRP index” is introduced
In the offline discussion of RAN1 #98 meeting, the alternatives are reduced to ③ (Alt. 1) and ① (Alt. 2), which can be described as:
· Alt1: DCIs are first indexed in an ascending order of higher layer indexes per CORESET for a same PDCCH monitoring occasion and a same serving cell, then indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion, and finally indexed in an ascending order across PDCCH monitoring occasion indexes.
· Alt2: DCIs are first indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion and a same higher layer index per CORESET, then indexed in an ascending order across PDCCH monitoring occasion indexes with a same higher layer index per CORESET, and finally indexed in an ascending order across higher layer indexes per CORESET.
In our view, when detected DCI is indexed before PMO, at position ①, the last DCI may be received earlier than the “real last DCI” in time domain. If so, it is not possible for gNB to prepare the PUCCH resource in advance for non-ideal backhaul. Hence, detected DCI should be indexed after PMO.
Proposal 7: For joint HARQ-ACK codebook among M-TRP, Alt.1 should be supported for the last DCI determining the PUCCH resource, i.e. DCIs are first indexed in an ascending order of higher layer indexes per CORESET for a same PDCCH monitoring occasion and a same serving cell, then indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion, and finally indexed in an ascending order across PDCCH monitoring occasion indexes.
Secondly, for dynamic HARQ-ACK codebook, the payload and HARQ-ACK bits can be determined by C-DAI and T-DAI. For M-TRP, there are some issues about C-DAI and T-DAI, i.e. how to count DAI among M-TRP? 2 alternatives are proposed in RAN1 #98 meeting:
· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 
· Alt 2: counter DAI is counted per TRP, and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).
The pros and cons of Alt.1 and Alt.2 are summarized in Tab.1. For Alt.1, the main drawback is the need of tight coordination among TRPs to align DAIs. However, joint HARQ-ACK feedback is mainly used for ideal backhaul, thus, tight coordination among TRPs may not be an issue. For Alt.2, since HARQ-ACK information bits are concatenated by the information bits of each TRP, thus if the number of HARQ-ACK information bits is wrong due to DCI missing for any of the TRPs, the total codebook size will be incorrect,  then the joint HARQ-ACK cannot be decoded. 
Tab. 1 Pros and cons of Alt.1 and Alt.2
	
	Pros
	Cons

	Alt.1
	Provide More robustness in case of DCI missing.
	Require tight coordination among TRPs to align DAIs.

	Alt.2
	Available in non-ideal backhaul scenario.
	May have robustness issues due to DCI missing.


Proposal 8: For joint dynamic HARQ-ACK codebook among M-TRP, Alt.1 should be supported, i.e. counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs.
Discussion	 on single-PDCCH based multi-TRP/Panel transmission
For single-PDCCH based multi-TRP/Panel transmission, single-PDCCH schedules single PDSCH where different layers can be transmitted from separate TRPs with the same PRB allocation. In this section, QCL indication enhancement is discussed for single-PDCCH based multi-TRP/Panel transmission enhancements.
· QCL indication enhancement
For single-PDCCH based multi-TRP/Panel transmission, different layers can be transmitted from different TRPs. Taking 4-layer transmission as an example, 3 layers may be transmitted from TRP #1 and 1 layer may be transmitted from TRP #2. In this situation, the DMRS ports used for 3 layers transmission for TRP #1 and the DMRS port for TRP #2 should be in different CDM groups. However, this cannot be satisfied by Rel-15 DMRS tables for antenna ports indication. Thus, DMRS tables for antenna ports indication needs to be enhanced in order to support single-PDCCH based multi-TRP/Panel transmission. Since the reserved entries in Rel-15 DMRS tables is limited, e.g., for DRMS type 1 & maxLength=2, there is only 1 entry reserved, for DRMS type 2 & maxLength=2, there is only 6 entry reserved, thus we do not think it is enough to support single-PDCCH based multi-TRP/Panel transmission.
Proposal 9: New DMRS tables for antenna ports indication are needed for single-PDCCH based multi-TRP/Panel transmission.
Note that for single-PDCCH based multi-TRP/Panel transmission, one TCI code point can be mapped to two TCI states. Thus, we can take advantage of this feature for UE to determine whether to use the original DMRS tables or the new one.
Proposal 10: TCI field value in the DCI can be used to determine which DMRS tables to be used: if the TCI code point is mapped to 1 TCI state, then the original DMRS tables should be used; if the TCI code point is mapped to 2 TCI states, then new DMRS tables should be used.
Next, we discuss about the association between TCI state and CDM group. For both DMRS type 1 and DMRS type 2, when 2 CDM groups are configured, it was agreed that each TCI state within a TCI code point was associated with one CDM group: the first TCI state is applied to the first indicated CDM group and the second TCI state is applied to the second indicated CDM group. For DMRS type 2, when 3 CDM groups are configured, there’re mainly 2 kinds of association mechanism: static association mechanism or flexible association mechanism.
Static association mechanism means: associate the first TCI state with CDM group 0, and associate the second TCI state with the left CDM groups. For example, the first TCI state is associated with CDM group 0 and the second TCI state is associated with CDM group 1 and CDM group 2.
Flexible association mechanism means: similar to static association mechanism, but the first TCI state can be associated with any one of the 3 CDM groups, and the second TCI state is associated with the left CDM groups. For example, the first TCI state may be associated with CDM group 0 or CDM group 1 or CDM group 2 and the second TCI state is associated with the left CDM groups.
Here, we prefer the flexible association mechanism and the following rules can be utilized to determine the specific associations between TCI states and CDM groups:
Rule 1: DMRS ports from different TRPs belong to different CDM groups.
Rule 2: the first TCI state is associated with one CDM group, where the corresponding CDM group has the smallest index, and the second TCI state is associated with other CDM groups.
For instance, for a 2+3 layers transmission and DMRS ports {0-4} are used, then the first TCI state is associated with CDM group 0 and the second TCI state is associated with CDM group 1 and CDM group 2; for a 1+2 layers transmission and DMRS ports {3-5} are used, then the first TCI state is associated with CDM group 1 and the second TCI state is associated with CDM group 2.
Proposal 11: For DMRS type 2, when 2 TCI states are activated within a TCI code point and 3 CDM groups are configured, the flexible association mechanism should be used and the following rules are defined:
· Rule 1: DMRS ports from different TRPs belong to different CDM groups.
· Rule 2: the first TCI state is associated with one CDM group, where the corresponding CDM group has the minimum index, and the second TCI state is associated with other CDM groups.
On the other hand, in Rel-15, the maximum size of TCI field is 3 bits. In our view, it is preferred not to enlarge the DCI size to avoid modifying the DCI format. Moreover, we think 3 bits provide enough TCI states combinations and there is no need to increase the size of TCI field. 
Proposal 12: For single-PDCCH based multi-TRP/Panel transmission, the size of TCI field in DCI should be kept the same as that of Rel-15.
Summary 
In this contribution, we provide our views on enhancements for multi-TRP/panel transmission. Based on our observations, we have the following proposals:
Proposal 1: In order to support multiple dataScramblingIdentityPDSCH, there are two alternatives:
· Alt1. support multiple PDSCH-Config.
· Alt2. support multiple dataScramblingIdentityPDSCH in a PDSCH-Config.
Proposal 2: Different PDSCH-Config/dataScramblingIdentityPDSCH, if supported, can be linked with different CORESETs or CORESET groups in order to associate dataScramblingIdentityPDSCH with TRPs.
Proposal 3: In case the higher layer index per CORESET is not configured, default association between dataScramblingIdentityPDSCHs and TRPs should be predefined.
Proposal 4: Rate matching for multi-DCI based multi-TRP/panel transmission, Alt.2 should be supported, i.e. UE shall rate match around configured CRS patterns which are associated with a higher layer signalling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
Proposal 5: For separated ACK/NACK feedback, the UE should be able to generate separate ACK/NACK codebooks identified by the higher layer index per CORESET.
Proposal 6: For PUCCH resource group for M-DCI NCJT transmission, Option 1 should be supported, i.e. support configuring explicit PUCCH resource grouping over resource or resource sets. 
Proposal 7: For joint HARQ-ACK codebook among M-TRP, Alt.1 should be supported for the last DCI determining the PUCCH resource, i.e. DCIs are first indexed in an ascending order of higher layer indexes per CORESET for a same PDCCH monitoring occasion and a same serving cell, then indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion, and finally indexed in an ascending order across PDCCH monitoring occasion indexes.
Proposal 8: For joint dynamic HARQ-ACK codebook among M-TRP, Alt.1 should be supported, i.e. counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs.
Proposal 9: New DMRS tables for antenna ports indication are needed for single-PDCCH based multi-TRP/Panel transmission.
Proposal 10: TCI field value in the DCI can be used to determine which DMRS tables to be used: if the TCI code point is mapped to 1 TCI state, then the original DMRS tables should be used; if the TCI code point is mapped to 2 TCI states, then new DMRS tables should be used.
Proposal 11: For DMRS type 2, when 2 TCI states are activated within a TCI code point and 3 CDM groups are configured, the flexible association mechanism should be used and the following rules are defined:
· Rule 1: DMRS ports from different TRPs belong to different CDM groups.
· Rule 2: the first TCI state is associated with one CDM group, where the corresponding CDM group has the minimum index, and the second TCI state is associated with other CDM groups.
Proposal 12: For single-PDCCH based multi-TRP/Panel transmission, the size of TCI field in DCI should be kept the same as that of Rel-15.
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