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1 Introduction
In RAN1#96 and RAN1#96bis, a number of agreements related to multi-TRP enhancements were captured in [1] and [2], respectively. In this document, we discuss and provide our views on following topics in multi-TRP enhancements for both eMBB and URLLC transmissions:

· Multiple PDCCH based multi-TRP transmission

· PDSCHs scheduling with multiple PDCCH for non- ideal backhaul

· Rate-matching enhancements with multiple PDCCH 

· DL control enhancements with multiple PDCCH 
· UL control enhancements with multiple PDCCH 

· Single PDCCH based multi-TRP transmission

· TCI framework enhancements with single DCI for multi-TRP
· DMRS port indication enhancements with single DCI for multiple TRPs
· URLLC related enhancements with multi-TRPs

· PDSCH scheduling with same TB for URLLC with multi-TRP
· DL control related enhancements

· UL control related enhancements

2 Multiple PDCCH based multi-TRP transmission
PDSCHs scheduling with multiple PDCCH for non- ideal backhaul

In RAN1#96, following agreement related to PDSCH resource scheduling with multiple PDCCH at least for eMBB with non-ideal backhaul was made. In RAN1#96bis, most of the open issues related to this were neither discussed nor agreed and here we provide our views on open issues.
Agreement

For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 

· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 

· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 

· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.

· The number of active BWPs for a UE is 1 per CC 

· FFS: PDSCH mapping type from two co-scheduled PDSCHs

· FFS: Alignment of PRG-level grid from multiple TRPs

· FFS: How to ensure the same active BWP between multiple TRPs

· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.

PDSCH mapping type B
One key issue to be discussed is the combination of PDSCH mapping types from the two co-scheduled PDSCHs. Following three possibilities can exist for two co-scheduled PDSCHs:
· PDSCH mapping type A + PDSCH mapping type A

· PDSCH mapping type B + PDSCH mapping type B

· PDSCH mapping type A + PDSCH mapping type B

The restrictions agreed above should be sufficient for PDSCH mapping type A + PDSCH mapping type A, which would support most of the use cases for eMBB. The possibilities involving PDSCH mapping type B need to be considered and discussed including whether any further restrictions are needed. Introducing further restrictions for mapping type B could result in reduced flexibility in terms of starting positions. On the other hand, if no new restrictions are introduced, possible DMRS-Data interference could exist between TRPs. So basically, it is a trade-off between scheduling flexibility and performance which should be further discussed. The aspects related to multi-TRP based URLLC should be taken into account. 

Proposal 1: For multiple-PDCCH based multi-TRP/panel transmission for eMBB, supporting combination of at least PDSCH mapping type A + PDSCH mapping type A should be concluded. It should be further discussed if it is required to have the restrictions for PDSCH mapping type B, especially taking into account URLLC discussion.
The alignment between the two TRPs at the PRG level
Another discussion point is related to the alignment between the two TRPs at the PRG level in terms of resource allocation to have relatively lower complexity for channel/interference estimation. For a UE receiving PDSCH, channel/interference estimation is generally done at PRG level where same precoder is used across the PRG, but with multi-TRP transmission if there is no alignment between the two TRPs, one PRG for a given TRP can experience different interference in overlap region in comparison to non-overlap region and it could require separate interference covariance matrix. Therefore, some level of alignment would be useful for simpler UE reception. Currently PRG size could be either dynamically or semi-statically indicated to be 2, 4 or wideband. Now for the case of semi-static configuration of the PRG size, alignment is quite straightforward as the TRP is aware about the PRG size of other TRP and therefore can schedule its own PDSCH resources to have alignment at PRG level and not allow partial overlap with respect to the PRG of other TRP. However, if dynamic indication of the PRG size is configured, then UE can expect and only required to support the same PRG level size indication from the participating TRPs, where the TRPs align the PRG size by coordination via backhaul link. How the coordination via backhaul link are realized should be transparent to UE as there are multiple variations of backhaul link delays from a few symbols to some slots. 
Proposal 2: For multiple-PDCCH based multi-TRP/panel transmission, PRG level alignment between the two TRPs should be supported, where the alignment is done by the TRPs through coordination via backhaul link. It means the UE can assume PRG level alignment between the two TRPs are always available.
BWP handling
In RAN1#96, it was agreed to support only one active BW for a UE per CC and further discussion is needed on how to ensure same BWP is active for multiple TRPs. If no specification effort is desirable, the most straightforward way is not to support dynamic switching of BWP and only semi-statically configuring the same BWP for all the TRPs. However, considering that quite diverse cases including both URLLC and eMBB need to be supported with multi-TRP, it is not optimal to not support dynamic switching of BWP as some use cases might require wider BWP, while the other might require narrower BWP. Therefore, in our view, dynamic switching of BWP should be supported with multi-TRP. Then the issue at hand is how to ensure that same active BWP is used for a UE per CC. In RAN1#96, a couple of solutions were discussed by some companies. In [3], it is proposed that when dynamic BWP switching is conducted by one TRP, the corresponding signalling needs to be coordinated to another TRP. UE should not respond to the corresponding bandwidth part switching signalling within the time period the TRP is coordinating. In [4], another solution is proposed to differentiate between two TRPs as master and slave, where the BWP switch command is allowed only from a master TRP and the BWP used by the master TRP always contains the BWP used by the slave TRP. 
Another possibility could be that a given TRP before sending a BWP switch indication to the UE via DCI, shares the information with the other TRP via backhaul link. Basically this can be considered as some sort of coordination time, during which the other TRP is not expected to schedule either uplink or downlink. Once the coordination time expires and the BWP is aligned at the other TRP, then scheduling is resumed. The coordination procedure among the TRPS is realized in the network and it is transparent to the UE. This is similar to our position to front-loaded DMRS symbols configuration and PRG level alignment.
Proposal 3: For multiple-PDCCH based multi-TRP/panel transmission, BWP switching via DCI indication is supported and alignment of BWP between the participating TRPs could rely on network coordination via backhaul link. It means the UE can assume BWP between the participating TRPs are aligned even if BWP switching via DCI indication is used.
Rate-matching enhancements with multiple PDCCH 
In RAN#96, following agreement related to rate-matching with multiple PDCCH for multi-TRP was made:

Agreement

For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 

· to be discussed and down-selected in RAN1#96bis

In RAN1#96bis, following agreement related to PDSCH scrambling was made:

Agreement

At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 

· Alt 1: enhance c_init, FFS detailed design in RAN1 97

· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH
In our understanding, the main motivation of the above agreements is that there could be possible interference from the physical channels/signals of one TRP to the physical channels/signals of other TRP, therefore agreement provides a good starting point.

Based on the agreements, at least following issues have been identified:

PDSCH-PDSCH interference
This is mainly the issue of possible interference between data of the two TRPs. For dealing with this, it has been agreed to have different PDSCH scrambling sequences for transmission from different TRPs. Currently, two alternatives are listed to scramble these sequences. In our understanding, Alt 1 is a straightforward solution to simply enhance c_int, while on the other hand, Alt. 2 would require RRC configuration enhancements. 
Proposal 4: For multiple-PDCCH based multi-TRP/panel transmission, different scrambling sequences for PDSCHs from different TRPs are supported by enhancing the c_init.
PDSCH-DMRS interference
This is related to the possible interference between the DMRS from TRP and data from other TRP. This can be handled by either rate matching or puncturing the PDSCH of one TRP around the DMRS of another TRP. For this purpose, the TRPs only need to know the DMRS CDM groups of other TRP that can be semi-statically shared between the TRPs.
PDSCH-PDCCH interference
The main principle in order to solve this case is to rate-match/puncture the PDSCH of one TRP around the PDCCH of another TRP. Some enhancements may be considered to either allow sharing of CORESET information for each other between the TRPs or to configure multiple reserved resources.
Proposal 5: For multiple-PDCCH based multi-TRP/panel transmission, further study is required to allow rate-matching of PDSCH from one TRP around the PDCCH of other TRP.
Pre-emption indication enhancements 
In our view, pre-emption indication related enhancements would be applicable mainly for the scenario where URLLC is served from one TRP and eMBB is served from another TRP with non-ideal backhaul based on multiple PDCCH, which is possibly a corner case. Therefore, no enhancements should be considered unless a reasonable requirement is justified.
Proposal 6: For multiple-PDCCH based multi-TRP/panel transmission, pre-emption indication enhancements should not be considered unless a strong need is justified.
DL control enhancements with multiple PDCCH 
In RAN1#96, following agreement related to PDCCH configuration for multiple PDCCH was made:

Agreement

To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs

· one CORESET in a “PDCCH-config” corresponds to one TRP 

· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3

FFS: UE monitoring/decoding behavior for multiple PDCCHs.
Include in LS to RAN2
In RAN1#96bis, further agreements related to PDCCH were made as follows:

Agreement

For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  

· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability

· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability

Based on the above agreements, still a single “PDCCH-config” will be used for multi-TRP, where TRP differentiation is done based on dedicated CORESET and it has been agreed that there is a need to increase the number of CORESETs per “PDCCH-config” more than 3. The CORESETs for SI/paging, SFI/TPC/pre-emption, BFR and UE specific transmission are configured by “PDCCH-ConfigCommon”. It should be discussed whether only single TRP or multiple TRPs transmit separate CORESETs with common channels/signalling. This is related to how “PDCCH-ConfigCommon” are configured. In our view, CORESET with at least UE specific transmission such as scheduling PDSCH should be transmitted from each TRP. Broadcast information via CORESET with SI/paging would be sufficient to be transmitted from one of the TRPs only. CORESET for other channels such as SFI/TPC/pre-emption should be discussed if they need to be specific for TRP or common. Here the case joint transmission over the air in ideal backhaul as one SFN combined TRP is not excluded. 
For the case when only single CORESET by only one of the TRPs would need to transmit such as the broadcast information, as mentioned earlier, it would be reasonable to assign that TRP as primary or master TRP, while the other TRPs are secondary. The assignment to a TRP as primary (master) or slave can be up to network. 

Proposal 7:  To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs) by using separate CORESET for each TRP, common channels should be transmitted only using a single CORESET that is transmitted only from a single TRP that can be assigned as a primary or master TRP
Based on this, we don’t see the need to increase the number to higher values such as 5 or 6 because the common channels don’t need to be transmitted from both TRPs and only PDSCH scheduling needs to be done from each TRP with dedicated CORESET.
Proposal 8: For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission, the maximal number of CORESETs per “PDCCH-config” should be increased up to 4, subject to UE capability.
UL control enhancements with multiple PDCCH 
In RAN1#96, following agreement related to UL control signalling for received PDSCHs from multiple DCIs was made and there was no discussion related to dropping/multiplexing of PUCCH and/or PUSCH.
Agreement

For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 

· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 

· FFS: the format of PUCCH from multiple TRP shall be same or different 

For issues related to PUCCH resources, study including: 

· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.

· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 

· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs

· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  

Include in LS to RAN2
In RAN1#96bis, further agreements related to separate ACK/NACK payload/feedback were made as follows:

Agreement

For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 

· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs

· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)

Above applies at least for FR1 

Agreement

For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 

· Alt 1: PUCCH resource groups can be explicitly configured by the NW.

· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 

· how to support PUCCH resource groups composed with resources or resource sets

· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 

· PUCCH resource groups are not needed.

· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 
In RAN1#97, it has been agreed to support TDM of two PUCCH within a slot. Further detail are under discussion on how to configure resources for PUCCH and three alternatives are identified. In our understanding, Alt. 3 is not within the scope of this discussion as the whole intention behind TDM within a slot is to avoid overlapping resources, therefore the network configures PUCCH resources for each of the PUCCH such that any kind of overlapping is avoided. 

Proposal 9: For TDMed PUCCH transmission within a slot for separate ACK/NACK, overlapping of PUCCH resources configured by the NW among multiple TRPs should not be supported.
In our understanding, similar discussion is on-going in NR URLLC work item, although not specifically related to multi-TRP. However, the intention is similar in both these work items i.e. to TDM PUCCHs carrying separate ACK/NACK feedback and avoid overlapping of PUCCH resources. In [2], following agreement related to TDM of PUCCH in NR URLLC is made:

Agreements:

For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.

· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.

· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 

· FFS: Allowing PUCCH across sub-slot boundary or not.

· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 

· FFS for Type I HARQ-ACK codebook.

· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.

· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.

· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.

· FFS: K1 definition.

· FFS: Details of PUCCH resource configuration and determination.

FFS: Use “Codebook-less HARQ” as a complementary or not.

FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 

FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.

In our view, similar solution could be used in multi-TRP as well to utilize the concept of sub-slots where each sub-slot carries PUCCH associated with multiple TRPs. At least considering this view, Alt. 2 from the previous agreement for multi-TRP could be supported with further details including the concept of sub-slot for PUCCH transmission
Proposal 10: For TDMed PUCCH transmission within a slot for separate ACK/NACK, PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
· PUCCH resource groups are not needed
· Sub-slot based TDM of PUCCH within a slot is supported, where PUCCH in each sub-slot is associated with separate TRP

Furthermore, other possibility is to allow joint ACK/NACK feedback for multiple received PDSCHs. For non-ideal backhaul, it is not preferable to send the joint feedback since there would be additional delay because the TRP that receives the feedback needs to inform the other TRP. For ideal backhaul, it could be considered as a possibility to send joint ACK/NACK feedback to one of the TRPs for eMBB. For URLLC, separate discussion is needed on separate and joint ACK/NACK feedback.

Proposal 11: For eMBB multi-TRP transmission, transmission of joint ACK/NACK feedback for multiple received PDSCHs could be considered only for ideal backhaul scenario.
Other issues related to UL control signalling multiplexing include the overlapping of UCI between different TRPs. In this regard, at least following cases are identified:

sPUCCH resources conveying ACK/NACK feedback for different TRPs are overlapped 
Although our position is the network configures to avoid the overlap PUCCH resources from different TRPs, if this is not agreeable, one of the solutions that has been discussed is to drop one of the ACK/NACK feedback based on some dropping rules. The dropping rules could be based on the priority of service or use case that is being handled by TRPs. For example, if one of the TRP is serving URLLC traffic, while the other is serving eMBB traffic, then the HARQ-ACK feedback corresponding to eMBB PDSCH could be dropped and only the HARQ-ACK feedback corresponding to URLLC PDSCH could be transmitted on the overlapping PUCCH resources. Although, the principle described here can work, but it should be noted that similar discussion is on-going in URLLC for intra-UE multiplexing/prioritization and therefore it would be reasonable to utilize the discussion/agreement from there. However, if both the TRPs are serving low-latency or high priority traffic, then it might not be so straightforward to drop one of the HARQ-ACK feedback. If the HARQ-ACK feedback for one of the low-latency traffic is dropped, then the latency could be quite high at the corresponding TRP. One possible solution in this case could be to switch to joint HARQ-ACK feedback mode, if supported. In this case, the joint feedback is sent to one of the TRPs and the information is then exchanged via the backhaul to the other TRP. Although, it can cause additional delay depending up on the latency between the TRPs via backhaul, but at least the HARQ-ACK feedback information is simply not dropped and lost.
Proposal 12: For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, if the PUCCH resources conveying ACK/NACK feedback for different TRPs are overlapped needs to be supported, then:

· For handling HARQ-ACK feedback for corresponding PDSCH traffic with different priorities, the discussion/agreements from intra-UE multiplexing/prioritization should be utilized
· If both the TRPs transmit PDSCH with low-latency/high-priority requirement, then switching to joint HARQ-ACK feedback should be considered where joint HARQ-ACK feedback is sent to one of the TRPs and the information is then forwarded to the other TRP via backhaul link

PUCCH resources conveying ACK/NACK feedback for one TRP are overlapped with PUCCH resources carrying CSI report for the other TRP

In this case, when there is an overlap between the PUCCH resources conveying ACK/NACK feedback for one TRP are overlapped with PUCCH resources carrying CSI report for the other TRP, the simple solution is always to give high priority to the HARQ-ACK feedback and drop the CSI report for the other TRP.

Proposal 13: For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, when the PUCCH resources conveying ACK/NACK feedback for one TRP are overlapped with PUCCH resources carrying CSI report for the other TRP, then the CSI report is always dropped and only HARQ-ACK feedback is sent on the overlapping PUCCH resources.
PUCCH resources conveying UCI feedback for one TRP are overlapped with PUSCH resources for the other TRP

In this scenario, both dropping and multiplexing should be considered depending up on the priority of the traffic to be served on two TRPs. Following cases could possibly exist:

· High priority PUCCH vs low priority PUSCH

· For this case, the PUSCH should be dropped and only PUCCH should be transmitted

· Low priority PUCCH vs low priority PUSCH

· For this case, the PUCCH should be dropped and only PUSCH should be transmitted

· High priority PUCCH vs high priority PUSCH or low priority PUCCH vs low priority PUSCH

· For this case, multiplexing PUCCH and PUSCH should be supported

However, as mentioned earlier, for different priority cases involving possibly URLLC and eMBB, it should be noted that similar discussion is on-going in URLLC for intra-UE multiplexing/prioritization and therefore it would be reasonable to utilize the discussion/agreement from there.

Proposal 14: For multi-TRP transmission, when PUCCH resources conveying UCI feedback for one TRP are overlapped with PUSCH resources for the other TRP, following dropping/multiplexing rules should be considered:
· If there is different priority levels between PUCCH and PUSCH the discussion/agreements from intra-UE multiplexing/prioritization should be utilized If both the PUCCH and PUSCH corresponding to same priority level, then multiplexing of PUCCH and PUSCH is supported

3 Single PDCCH based multi-TRP transmission
TCI framework enhancements with single DCI for multi-TRP

In RAN1#96, following agreement related to TCI enhancements were made and in RAN1#96bis, there was no further discussion on this issue.
Agreement

For TCI state configuration in order to enable one or two TCI states per a TCI code point,

· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.

· FFS whether increasing the number of bits of TCI field in DCI

Include in LS to RAN2

The main remaining discussion point related to TCI enhancements is whether to increase the number of TCI field in DCI as currently there are up to 3 bits that can point up to 8 TCI indices. With the latest agreements, each TCI index can now correspond to two TCI states for two TRPs. Therefore, ideally in order to allow more combinations of TCI states for the two TRPs, more bits will be desired. However, one of the main reason to use the existing bit field to indicate the TCI state for two TRPs was to keep DCI overhead less. Otherwise, the simplest solution could have been to have three additional bits for another TRP. Since the 8 indices can be semi-statically selected from a larger set, therefore, in our opinion, there is not significant need to increase the bit field size and allow more combinations from which one combination can be dynamically indicated. Still, if it can be justified to support more combinations of TCI states for the two TRPs, at most 1 more bit could be added.
Proposal 15: For TCI state configuration in order to enable one or two TCI states per a TCI code point, either the number of bits of TCI field in DCI is not increases or if really needed, at most the number of bits is increased by one bit i.e. resulting in TCI field in DCI to be up to 4 bits long.

DMRS port indication enhancements with single DCI for multiple TRPs

For multi-TRP transmissions, the DMRS ports from different TRPs are generally non-QCLed. Therefore, the mapping of ports to layers that are transmitted on different TRPs should be such that the ports mapped to different TRPs should be in different QCL groups. They should be divided into different QCL groups. This has not been considered in the DMRS port indication in Rel-15 and most entries of the current DMRS port indication tables are not suitable for single PDCCH based multi-TRP transmission. As it has been agreed that DMRS ports within each CDM group are QCL-ed, certain entries are not suitable for multi-TRP transmission because DMRS ports from different TRPs are generally non-QCLed in multi-TRP/panel scenario. Therefore, DMRS port indication enhancement should be specified for multi-TRP/panel transmission. 

Proposal 16: For single-PDCCH based multi-TRP/panel transmission, enhancements related to DMRS port indication should be specified in NR Rel. 16.

Different possibilities can be considered for enhancing the DMRS port indication for multi-TRP transmission. One possibility is to simply design new DMRS port indication table for multi-TRP transmission, where the different layers that are scheduled on different TRPs should be assigned to non-QCLed DMRS ports. Other possibility could be to utilize the reserved entries of the existing tables to accommodate new entries for supporting multi-TRP scenarios. However, if new table(s) are agreed to be supported for multi-TRP, then some indication is needed to signal whether the Rel. 15  tables are used or the new ones. For this purpose, TCI code-point related indication should be used i.e. when more than two TCI states are indicates by the TCI code-point in the DCI, then it should imply the usage of new tables, other Rel. 15 tables.
Proposal 17: For single-PDCCH based multi-TRP/panel transmission, if new DMRS port indication tables are agreed to be supported, then TCI code-point should be used to implicitly indicate the use of new tables

· when more than two TCI states are indicates by the TCI code-point in the DCI, then it should imply the usage of new tables, other Rel. 15 tables.

The other possibility for DMRS port indication for multi-TRP transmission could be translation table approach where to have additional semi-static configured table to indicate the relation among DCI index value, TRP combination and DMRS port indication table. To have such semi-static configured translation table is more scalable and flexible support for higher number of TRPs. It works not only in the current release but also in future releases. Instead of simply designing new DMRS port indication table and/or entries, a new table is semi-statically configure to  indicates the combination of TRPs that are involved in transmission/reception and the corresponding entries to the existing DMRS port indication tables. Table 1 below is one such example. 

Table 1: Example of DMRS port indication for multiple TRPs using single PDCCH
	Index
	TRP combinations
	Combination of Index of existing DMRS port indication table

	0
	TRP1
	0

	1
	TRP2
	1

	2
	TRP1, TRP2
	0, 0

	3
	….
	

	…
	….
	

	….
	….
	

	M
	TRP1, TRP2
	2,3


In this table, the main motivation is allow different combinations of TRPs involved in transmission/reception, that are indicated by column 2 and the corresponding DMRS index of the existing tables are indicated by column 3. With this the combination of DMRS ports can be selected such that they are non-QCLed for transmission on different TRPs. Such approach can be scaled to allow more than two TRP transmission as well, if needed.

After the semi-static configuration of such translation table, UE receives index value of the table in the DCI. Then according to the index value and the table, UE interprets TRP combinations and DMRS port indication table entries of existing table. Therefore, 2 steps of table look-up (i.e. new semi-static table and current DMRS port indication table) are carried out after DCI reception.

Proposal 18: For single-PDCCH based multi-TRP/panel transmission, consider translation table approach where to have additional semi-static configured table to indicate the relation among DCI index value, TRP combination and DMRS port indication table.
Regardless of the exact method to indicate the DMRS ports from the above discussed options, the first and foremost step is to determine the principles/restriction that should be utilized for mapping DMRS ports to different TRPs. The starting point should be that number of layers/UE for each DMRS configuration type and length should not exceed the current limitation in Rel. 15 tables, which is as follows:
· 4 layers/UE for 1-symbol length DMRS for configuration type 1 

· 6 layers/UE for 1-symbol length DMRS for configuration type 2

· 8 layers/UE for 2-symbol length DMRS for both configuration type 1 and 2

Proposal 19: For single-PDCCH based multi-TRP/panel transmission, number of layers/UE for each DMRS configuration type and length should not exceed the current limitation in Rel. 15 tables:

· 4 layers/UE for 1-symbol length DMRS for configuration type 1 

· 6 layers/UE for 1-symbol length DMRS for configuration type 2

· 8 layers/UE for 2-symbol length DMRS for both configuration type 1 and 2

Further restriction should be agreed that the port number associated with each TRP should belong to different CDM groups i.e. no two ports from the same CDM group should be assigned to different TRPs. This will greatly reduce the specification effort in terms of defining further principles/restrictions for multi-TRP.
Proposal 20: For single-PDCCH based multi-TRP/panel transmission, the port number associated with each TRP should belong to different CDM groups i.e. no two ports from the same CDM group should be assigned to different TRPs

Further principles related to MU-MIMO would also be crucial to determine the number of combinations that would be needed to map the UEs and their corresponding ports to different TRPs. In Rel. 15, one of the fundamental principle for MU-MIMO port mapping has been to always use a different CDM group for different UEs, whenever possible. Similar principle should be followed for determining new MU-MIMO related entries for multi-TRP. If this principle is used in combination with the principle in proposal 20, then the number of combinations would be greatly reduced and specification effort could cater to mostly prevalent scenarios.
Proposal 21: For single-PDCCH based multi-TRP/panel transmission, for MU-MIMO port mapping, always use a different CDM group for different UEs, whenever possible.

If the above principles could be agree, then the process of determining the new combinations could be done in a sequential manner for the following categories:

· DMRS configuration type 1, 1-symbol length

· Up to 4 layers, SU-MIMO

· Up to total 4 layers, MU-MIMO

· DMRS configuration type 2, 1-symbol length

· Up to 6 layers, SU-MIMO (up to 4 layers for single codeword)
· Up to 6 layers, MU-MIMO

· DMRS configuration type 1, 2-symbol length

· Up to 8 layers, SU-MIMO (up to 4 layers for single codeword)
· Up to total 8 layers, MU-MIMO

· DMRS configuration type 2, 2-symbol length

· Up to 8 layers, SU-MIMO (up to 4 layers for single codeword)
· Up to total 12 layers, MU-MIMO

Proposal 22: For single-PDCCH based multi-TRP/panel transmission, up on agreeing the high level principles, combinations for following categories should be discussed sequentially:

· DMRS configuration type 1, 1-symbol length

· Up to 4 layers, SU-MIMO

· Up to total 4 layers, MU-MIMO

· DMRS configuration type 2, 1-symbol length

· Up to 6 layers, SU-MIMO (up to 4 layers for single codeword)

· Up to 6 layers, MU-MIMO

· DMRS configuration type 1, 2-symbol length

· Up to 8 layers, SU-MIMO (up to 4 layers for single codeword)

· Up to total 8 layers, MU-MIMO

· DMRS configuration type 2, 2-symbol length

· Up to 8 layers, SU-MIMO (up to 4 layers for single codeword)

· Up to total 12 layers, MU-MIMO

4 URLLC related enhancements with multi-TRPs
 PDSCH scheduling with same TB for URLLC with multi-TRP

Based on the agreements in RAN1#96 and RAN1#96bis, at least following schemes for PDSCH scheduling have been agreed to be supported:
Agreement

· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 
· Scheme 1a:  
· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 
· Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 

· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 

· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  

· RV/TCI state can be same or different among transmission occasions. 

· FFS channel estimation interpolation across mini-slots with the same TCI index

· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 

· Each transmission occasion of the TB has one TCI and one RV.  

· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 

· RV/TCI state can be same or different among transmission occasions. 

· FFS channel estimation interpolation across slots with the same TCI index

Further agreements related to schemes include:

Agreement

For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2

· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH

· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 
Agreement

For multi-TRP based URLLC, scheduled by single DCI, 

· Support scheme 1a as agreed in email discussion [96-NR-09]

· FFS: Whether additional specification impact is necessary for URLLC

· On the support of schemes 2a, 2b

· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none

· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results

· Specification impact, and UE complexity need to be considered as well.

· Companies are encouraged to provide simulation results for LLS using at least the following parameters

· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 

· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)
Agreement

· The number of PRBs: 8, 40
· Target coding rates:  
· MCS6~=0.12, MCS12~=0.44 in MCS Table 5.1.3.1-3
· Above target coding rate is for scheme 2a for layer 1 transmission.
· Each CW in scheme 2b have twice the target coding rate.
· Number of Tx/Rx ports: 
· To be reported by proponent company
· The number of layers: 
· 1 or 2 layers
· To compare one-layer versus two-layer transmissions, the code rate of rank 2 transmission is half of that of rank 1 transmission. 
· LLS models: 
· Details of CDL or TDL models are reported by proponent company, e.g. the angle generation mechanism if using CDL model 
· DMRS configuration: 
· single symbol front loaded Type 1 DMRS without additional DMRS,3 dB power boosting, and the number of PDSCH symbols is reported by proponent company
· UE speed: 
· 3km/h
· Inter-TRP frequency(time) offsets: 
· 0 Hz. If phase offset variation is assumed among M-TRP, details of modelling  mechanism for phase offset are reported by proponent company. 
· Baseline scheme: 
· Details of the baseline scheme (e.g. SFN with CDD, precoder cycling, etc.) are reported by proponent company.
In our understanding, the case of FDM is somehow a sub-case of SDM where complete overlap in frequency domain also happened. Therefore, exactly same schemes or principles should be down-selected for both schemes 1 and 2. Therefore, we would support scheme 2a to be down-selected for FDM.
Proposal 23: For multi-TRP transmission of the same TB, if FDM (scheme 2) is agreed to be supported, then at least the following details (scheme 2a) should be agreed to be supported:

· Each non-overlapped frequency resource allocation is associated with one TCI state.

· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.

· Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 

· FFS: Whether different MCS/modulation orders for different layers or layer sets are supported for different non-overlapped frequency resource allocation.

· FFS: Details related to allocation granularity and time domain allocation. 

Now for the agreed schemes, in our understanding, it is quite clear and straightforward to utilize ideal backhaul with both single and multiple PDCCH for the above agreement because dynamic coordination is possible between the transmitting TRPs. Further details of signalling using single and multiple PDCCH discussion need to be discussed. 
Proposal 24: For multi-TRP specification support for URLLC, also multiple PDCCH should be supported to schedule the transmission of same transport block from different TRPs for at least ideal backhaul.
For non-ideal backhaul, if same TB is available at multiple TRPs, then scheduling them using multiple PDCCH is possible, where a unified scheduling framework with certain restrictions should be agreed for both eMBB and URLLC.
Proposal 25: For multi-TRP specification support for URLLC, multiple PDCCH should be considered to schedule the transmission of same transport block from different TRPs for non-ideal backhaul with same set of scheduling restrictions as for eMBB.
In our view, for ideal backhaul with multiple PDCCH, full flexibility in terms of resource allocation for the transmission of same TB from multiple TRPs could be supported. This means that all the four schemes could be allowed to combine one or more these schemes. 
Proposal 26: For multi-TRP specification support for URLLC, allow possible combination of one or more scheme for transmission of same transport block from multiple TRPs having ideal backhaul. In other words, there is no restriction in terms of resource allocation.
DL control related enhancements for URLLC with multi-TRP

From the URLLC point of view, multiple PDCCH transmission from different TRPs could be quite beneficial. Multiple PDCCH transmission procedure from multiple TRPs could be utilized to ensure better end-to-end reliability i.e. better reliability for PDCCH, PDSCH, PUCCH and PUSCH, because if the PDCCH is not received correctly at the UE, further transmission/reception might not be possible or reliable. For URLLC, the intention should be to schedule the same TB from multiple TRPs using respective PDCCH. Each PDSCH scheduled by the respective PDCCH carry the same data, but have the possibility to use different transmission parameters such as MCS, time-frequency resources, redundancy version, etc. as discussed in the previous section. For further increasing the reliability in URLLC, PDCCH repetition along with multi-TRP transmission could be utilized. PDCCH repetition with multiple TRPs means when exactly the same PDCCH is transmitted from two different TRPs. Figure 1 below shows an example of PDCCH repetition with multi-TRP transmission. As can be seen from the figure, PDCCH1 and PDCCH2 are transmitted from each TRP to the UE, where PDCCH 1 schedules PDSCH1 from TRP1 and PDCCH2 scheduled PDSCH2 (same TB but with possibly different transmission parameters) from TRP2. This would ensure highly reliable transmission of PDCCH to ensure the transmission of the TB even if one of the two links is in blockage.
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Figure 1: Example of repetition of multiple PDCCH transmission scheduling multiple PDSCH with same TB

Proposal 27: For URLLC in Rel. 16 NR eMIMO with multi-TRP, repetition of multiple PDCCH transmission from different TRPs should be supported. For example:

-
PDCCH1 which is scheduling PDSCH1 (from TRP1) is transmitted from both TRP1 and TRP2

-
PDCCH2 which is scheduling PDSCH1 (from TRP2) is transmitted from both TRP2 and TRP1

UL control related enhancements for URLLC with multi-TRP

From URLLC perspective, increased reliability and robustness are required for PUCCH transmission/reception, similar to other physical channels. One of the key issue is related to HARQ-ACK/NACK transmission corresponding to one or more PDSCH transmission from different TRPs. One of the possible scenario for URLLC with multi-TRP is to transmit same PDSCH from multiple TRPs to the UE, as shown in Figure 2. 
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Figure 2: Example of same PDSCH transmission for URLLC with 2 TRPs
The corresponding PUCCH transmission with HARQ-ACK/NACK could be handled in different ways, as shown in Figure 3. In Figure 3(a), joint decoding result is sent only on single PUCCH to TRP1, in Figure 3(b), respective decoding results are sent to respective TRPs and in Figure 3.c, joint decoding result is sent to both TRPs. From URLLC point of view, solution Figure 3(c) is to provide the most robust solution as it sends the result of joint decoding of the same PDSCH on both the PUCCH to respective TRPs. This ensures that even if one TRP uplink link has poor channel conditions, the other better link can send the HARQ-ACK/NACK result of the joint coding to at least one of the TRPs. Other possibility could be to transmit joint decoding result along with decoding result of each TRP link on respective PUCCHs. This could be useful for fast dynamic point selection based on the individual decoding result of each TRP link.
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(a) Joint ACK-NACK

                     (b) Separate ACK-NACK

          (c) Repetition of joint ACK-NACK

Figure 3: Examples of PUCCH transmission with HARQ-ACK/NACK corresponding to same PDSCH transmission for URLLC with 2 TRPs
Proposal 28: For URLLC in Rel. 16 NR eMIMO with multi-TRP, transmission (repetition) of joint ACK-NACK feedback to all the TRPs should be supported.
5 Conclusion

Based on the discussion in this contributions, following proposals are suggested for multi-TRP enhancements in NR MIMO in Rel. 16:
Proposals for multiple PDCCH based multi-TRP
Proposal 1: For multiple-PDCCH based multi-TRP/panel transmission for eMBB, supporting combination of at least PDSCH mapping type A + PDSCH mapping type A should be concluded. It should be further discussed if it is required to have the restrictions for PDSCH mapping type B, especially taking into account URLLC discussion.

Proposal 2: For multiple-PDCCH based multi-TRP/panel transmission, PRG level alignment between the two TRPs should be supported, where the alignment is done by the TRPs through coordination via backhaul link. It means the UE can assume PRG level alignment between the two TRPs are always available.

Proposal 3: For multiple-PDCCH based multi-TRP/panel transmission, BWP switching via DCI indication is supported and alignment of BWP between the participating TRPs could rely on network coordination via backhaul link. It means the UE can assume BWP between the participating TRPs are aligned even if BWP switching via DCI indication is used.
Proposal 4: For multiple-PDCCH based multi-TRP/panel transmission, different scrambling sequences for PDSCHs from different TRPs are supported by enhancing the c_init.
Proposal 5: For multiple-PDCCH based multi-TRP/panel transmission, further study is required to allow rate-matching of PDSCH from one TRP around the PDCCH of other TRP.
Proposal 6: For multiple-PDCCH based multi-TRP/panel transmission, pre-emption indication enhancements should not be considered unless a strong need is justified.
Proposal 7:  To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs) by using separate CORESET for each TRP, common channels should be transmitted only using a single CORESET that is transmitted only from a single TRP that can be assigned as a primary or master TRP

Proposal 8: For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission, the maximal number of CORESETs per “PDCCH-config” should be increased up to 4, subject to UE capability.
Proposal 9: For TDMed PUCCH transmission within a slot for separate ACK/NACK, overlapping of PUCCH resources configured by the NW among multiple TRPs should not be supported.
Proposal 10: For TDMed PUCCH transmission within a slot for separate ACK/NACK, PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
· PUCCH resource groups are not needed

· Sub-slot based TDM of PUCCH within a slot is supported, where PUCCH in each sub-slot is associated with separate TRP

Proposal 11: For eMBB multi-TRP transmission, transmission of joint ACK/NACK feedback for multiple received PDSCHs could be considered only for ideal backhaul scenario.
Proposal 12: For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, if the PUCCH resources conveying ACK/NACK feedback for different TRPs are overlapped needs to be supported, then:

· For handling HARQ-ACK feedback for corresponding PDSCH traffic with different priorities, the discussion/agreements from intra-UE multiplexing/prioritization should be utilized
· If both the TRPs transmit PDSCH with low-latency/high-priority requirement, then switching to joint HARQ-ACK feedback should be considered where joint HARQ-ACK feedback is sent to one of the TRPs and the information is then forwarded to the other TRP via backhaul link
Proposal 13: For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, when the PUCCH resources conveying ACK/NACK feedback for one TRP are overlapped with PUCCH resources carrying CSI report for the other TRP, then the CSI report is always dropped and only HARQ-ACK feedback is sent on the overlapping PUCCH resources.

Proposal 14: For multi-TRP transmission, when PUCCH resources conveying UCI feedback for one TRP are overlapped with PUSCH resources for the other TRP, following dropping/multiplexing rules should be considered:

· If there is different priority levels between PUCCH and PUSCH the discussion/agreements from intra-UE multiplexing/prioritization should be utilized If both the PUCCH and PUSCH corresponding to same priority level, then multiplexing of PUCCH and PUSCH is supported

Proposals for single PDCCH based multi-TRP

Proposal 15: For TCI state configuration in order to enable one or two TCI states per a TCI code point, either the number of bits of TCI field in DCI is not increases or if really needed, at most the number of bits is increased by one bit i.e. resulting in TCI field in DCI to be up to 4 bits long.
Proposal 16: For single-PDCCH based multi-TRP/panel transmission, enhancements related to DMRS port indication should be specified in NR Rel. 16.

Proposal 17: For single-PDCCH based multi-TRP/panel transmission, if new DMRS port indication tables are agreed to be supported, then TCI code-point should be used to implicitly indicate the use of new tables

· when more than two TCI states are indicates by the TCI code-point in the DCI, then it should imply the usage of new tables, other Rel. 15 tables.

Proposal 18: For single-PDCCH based multi-TRP/panel transmission, consider translation table approach where to have additional semi-static configured table to indicate the relation among DCI index value, TRP combination and DMRS port indication table.
Proposal 19: For single-PDCCH based multi-TRP/panel transmission, number of layers/UE for each DMRS configuration type and length should not exceed the current limitation in Rel. 15 tables:

· 4 layers/UE for 1-symbol length DMRS for configuration type 1 

· 6 layers/UE for 1-symbol length DMRS for configuration type 2

· 8 layers/UE for 2-symbol length DMRS for both configuration type 1 and 2

Proposal 20: For single-PDCCH based multi-TRP/panel transmission, the port number associated with each TRP should belong to different CDM groups i.e. no two ports from the same CDM group should be assigned to different TRPs

Proposal 21: For single-PDCCH based multi-TRP/panel transmission, for MU-MIMO port mapping, always use a different CDM group for different UEs, whenever possible.

Proposal 22: For single-PDCCH based multi-TRP/panel transmission, up on agreeing the high level principles, combinations for following categories should be discussed sequentially:

· DMRS configuration type 1, 1-symbol length

· Up to 4 layers, SU-MIMO

· Up to total 4 layers, MU-MIMO

· DMRS configuration type 2, 1-symbol length

· Up to 6 layers, SU-MIMO (up to 4 layers for single codeword)

· Up to 6 layers, MU-MIMO

· DMRS configuration type 1, 2-symbol length

· Up to 8 layers, SU-MIMO (up to 4 layers for single codeword)

· Up to total 8 layers, MU-MIMO

· DMRS configuration type 2, 2-symbol length

· Up to 8 layers, SU-MIMO (up to 4 layers for single codeword)

· Up to total 12 layers, MU-MIMO

Proposals for URLLC related enhancements with multi-TRPs
Proposal 23: For multi-TRP transmission of the same TB, if FDM (scheme 2) is agreed to be supported, then at least the following details (scheme 2a) should be agreed to be supported:

· Each non-overlapped frequency resource allocation is associated with one TCI state.

· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.

· Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 

· FFS: Whether different MCS/modulation orders for different layers or layer sets are supported for different non-overlapped frequency resource allocation.

· FFS: Details related to allocation granularity and time domain allocation. 
Proposal 24: For multi-TRP specification support for URLLC, also multiple PDCCH should be supported to schedule the transmission of same transport block from different TRPs for at least ideal backhaul.
Proposal 25: For multi-TRP specification support for URLLC, multiple PDCCH should be considered to schedule the transmission of same transport block from different TRPs for non-ideal backhaul with same set of scheduling restrictions as for eMBB.
Proposal 26: For multi-TRP specification support for URLLC, allow possible combination of one or more scheme for transmission of same transport block from multiple TRPs having ideal backhaul. In other words, there is no restriction in terms of resource allocation.

Proposal 27: For URLLC in Rel. 16 NR eMIMO with multi-TRP, repetition of multiple PDCCH transmission from different TRPs should be supported. For example:

-
PDCCH1 which is scheduling PDSCH1 (from TRP1) is transmitted from both TRP1 and TRP2

-
PDCCH2 which is scheduling PDSCH1 (from TRP2) is transmitted from both TRP2 and TRP1

Proposal 28: For URLLC in Rel. 16 NR eMIMO with multi-TRP, transmission (repetition) of joint ACK-NACK feedback to all the TRPs should be supported.
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