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Introduction
This contribution discusses Ericsson’s preferred solutions for multi-TRP operation in NR Rel-16.
Discussion of enhancements 
Category 1: Multi-PDCCH based multi-TRP scheduling
According to FL summary [2], the topic for RAN1#96bis is
· Multiple-PDCCH based design 
· Remaining open issues identified from agreements or from FL summary [1], as examples: 
· for DL, 
· UE behavior for monitoring Multi-PDCCH or BD restrictions
· Rate matching/puncturing if needed
· FFS points identified during online/offline discussion 
· For UL 
· UL TRP differentiation 
· Some remaining issues for separated ACK/NACK feedback   

Issues related to PDCCH monitoring 
Physical resources where CORESET can be placed are scarce, especially since its only mandatory to monitor PDCCH in the first four OFDM symbols of the slot. Configuring non-overlapping search spaces for the two or more CORESETs cannot always be guaranteed due to space limitation. Hence, making use of all available physical resources are very important. 
In NR Rel-15, the 6-RB grid of a regular CORESET (that is tied to common RB grid) and CORESET#0 (that is tied to SSB) are generally not aligned. In the single-TRP scenario, this causes misaligned REG bundles, inefficient physical resource usage, and increased blocking probability between DCIs transmitted on a regular CORESET and CORESET#0 when they overlap. In multi-TRP multi-PDCCH scenarios, a UE may receive one DCI on CORESET#0 from TRP1 and another DCI on a regular CORESET from TRP2. Hence, the motivation to correct this to enable use of all resources is large for multi-TRP operation.  
With the CORESET misalignment between CORESET#0 and a regular CORESET, we are looking at a scenario where CCEs in different CORESETs are not aligned.  For instance, with CORESET misalignment, one CCE in CSS in CORESET#0 can overlap with up to two CCEs in the regular CORESET which is undesirable in the multi-PDCCH scenario where a UE may receive one DCI on CORESET#0 from TRP1 and another DCI on a regular CORESET from TRP2 simultaneously.  Hence, we propose
[bookmark: _Toc4748955]In NR Rel-16, specify a mechanism to align the 6-PRB grid of regular CORESETs with the grid of CORESET#0.
[image: cid:image003.jpg@01D4A990.57EDE420]
Figure 1: Example of CORESET misalignment in NR Rel-15
Even if there is semi-dynamic coordination between the schedulers, there will be collisions between PDCCH candidates from the difference search spaces the UE is configured to monitor if they are overlapping. Hence, mechanisms are needed for how to handle these collision cases. The PDCCH DMRS and PDCCH scrambling is configured per CORESET, so the UE can distinguish between them. 
[bookmark: _Toc4748956]Define a rule for prioritizing PDCCH candidates from different search spaces/CORESETs when they collide.
Regarding the number of CORESETs, we support the analysis in [3] to increase the number of monitored CORESETs. Beyond 3 and up to 5 would be a reasonable number to allow UE specific SS from two different TRPs. 
[bookmark: _Toc4748957]In multi-PDCCH, the maximum number of CORESETs per BWP is at least five.  
Issues related to PDSCH rate matching
The following was agreed in RAN1#96:
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 LTE NC-JT, (although a single PDSCH transmission is used) the rate matching is performed per TRP independently, where layers transmitted from each TRP (i.e., a CW) have their own rate matching pattern. This solution was adopted to minimize the overhead from rate matching. This principle can be adopted also for NR. 
[bookmark: _Toc4748958]Each of the two PDSCH in multi-PDSCH scheduling for NC-JT can be configured to be associated with independent rate matching patterns.
There are multiple ways to achieve this. One is to introduce two PDSCH-Config, in which case independent rate matching follows automatically. However, a drawback is that a lot of signalling is repeated, e.g., there will be two TCI state lists etc., and when scheduling PDSCH there is a need to indicate for which PDSCH-Config the scheduling is associated with. A simpler approach could be to extend the value of maxNrofRateMatchPatterns, potentially introducing a second list for each PDSCH respectively, and potentially allow for more than two RateMatchPatternGroups. Each PDSCH is then associated with one or more RateMatchPattern which can be same or different for the two PDSCHs. For ZP CSI-RS, a similar approach can be taken, where two lists for each of periodic, semi-persistent and aperiodic ZP CSI-RS is configured. The method to assign a pattern to a PDSCH is FFS.
Secondly, there are also rate matching parameters configured outside the PDSCH-Config, by the ServingCellConfigCommon parameter. As explained above, these are also RateMatchPattern added to the list, but also lte-CRS-ToMatchAround. When these are configured, a simple approach is that both PDSCH in NC-JT are rate matched around the resource elements indicated by these parameters, at least for RateMatchPattern. These can be used when REs need to be protected from any PDSCH transmission. 
[bookmark: _Toc4748959]The rate matching parameters of RateMatchPattern in the configured ServingCellConfigCommon are valid for both of the two PDSCHs scheduled by the two PDCCHs.    
Regarding enhancing pre-emption indication, the gNB has control over separating URLLC and eMBB in orthogonal resources, so this is a corner case scenario. So, we don’t see the needs for spending our valuable time in RAN1 on pre-emption indication mechanism for multi-PDCCH.
[bookmark: _Toc4748960]Pre-emption indication enhancements for multi-PDCCH have low priority in this WI.

Rate matching around DMRS
For DMRS, different TCI states (i.e., TRPs) use different CDM groups. Hence, it is reasonable to also add the condition that PDSCH from one TRP is not overlapping with DMRS from another TRP. Whether to map PDSCH to RE not used for DMRS is controlled by selecting the corresponding row in the antenna port indication table. 
Hence, we propose:
[bookmark: _Toc4495548][bookmark: _Toc4748961]A UE receiving downlink NC-JT scheduling assignments of two PDSCHs can ignore any scheduling where a scheduled PDSCH is mapped to REs used for DMRS of the other scheduled PDSCH to the same UE
Rate matching around LTE CRS
[bookmark: _Toc4495549]For rate matching around LTE CRS, there is a related agreement that NC-JT also operates across different cells. Hence, the likely deployment scenario is that NR-LTE spectrum sharing is used in all the cells in the network and therefore, rate matching must be performed around different and thus multiple CRS patterns. This pattern is configured outside PDSCH-Config, namely in ServingCellConfig, which then can be readily extended to multiple such patterns. 
[bookmark: _Toc4495550][bookmark: _Toc4748962]The lte-CRS-ToMatchAround rate matching functionality is extended to allow a UE to be configured with multiple such CRS patterns and is instantiated in ServingCellConfig (which is easily extensible). Whether they apply to all PDSCHs or per PDSCH is FFS.

Issues related to UL TRP differentiation
With regard to UL TRP differentiation, the following proposal was discussed in the offline discussions in RAN1#96 with two alternatives as listed below:
· For TRP differentiation mechanism of ACK/NACK PUCCH resource(s) for HARQ-ACK reporting, ordering and payload determination for a targeted TRP, and studying following alternatives: 
· Alt 1: Each PUCCH resource is linked with a configuration information for PDCCH 
· Alt 2: Each PUCCH resource is linked with a DL DCI information scheduling PDSCH

Furthermore, in RAN1#96, the following agreement 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 [4], a solution is proposed which involves introducing different PUCCH resource groups within each PUCCH resource set, where different groups correspond to PUCCH resources that can be used for transmission to different TRPs.  A major drawback with this scheme is that the RRC configured PUCCH resources with semi-static association to different TRPs (via introducing multiple explicit PUCCH resource groups) may potentially result in inefficient utilization of PUCCH resources.  Unlike in NR Rel-15 where unused PUCCH resources may be scheduled for PUSCH, with independent scheduling the reserved PUCCH resources for one TRP cannot be shared with PUSCH scheduled from the other TRP.  
An example is shown in Figure 1 where two PUCCH resource groups are RRC configured to the UE(s) wherein the first PUCCH resource group corresponds to TRP A and the second PUCCH resource group corresponds to TRP B.  In the left-hand side of figure, when the load in the two TRPs is low and even, this static partitioning of PUCCH resources may work okay. However, when one of the TRPs is heavily loaded than the other one (as shown in the right-hand side of the figure), the heavily loaded TRP likely requires more PUCCH resources.  In this case, the PUCCH resource group associated with TRP B is not properly utilized.  Furthermore, depending on the number of UEs associated with TRP A, PUCCH may become a bottleneck due to no enough PUCCH resources available for a large number of UEs associated with TRP A. Hence, as the load changes, the PUCCH resource groups may need to be RRC reconfigured to the UEs in the TRPs.

When the load and traffic patterns in the network changes, RRC configuration of explicit PUCCH resource groups with semi-static association to different TRPs may result in inefficient utilization of PUCCH resources or more frequent RRC reconfiguration of PUCCH resources.

	[image: ]
	[image: ]

	[bookmark: _Ref991498]Figure 2.  An example depicting the drawbacks of introducing RRC configured PUCCH resource groups corresponding to different TRPs for symmetric load distribution (left) and asymmetric load (right).



Given the agreement that ‘one CORESET in a PDCCH-config corresponds to one TRP’, the active TCI state for the CORESET will provide a QCL source RS which is a DL RS transmitted by the associated TRP.  If one or more PUCCH resources can also be spatially related to a DL RS transmitted by the associated TRP, a link between PDCCH and PUCCH resources can already be achieved by proper configuration/activation of TCI States and spatial relation.  Hence, in our view, NR Rel-15 TCI framework for CORESETs and spatial relation framework for PUCCH already provide sufficient flexibility to make an association between PDCCH and PUCCH resources.  It should be noted that the active TCI state associated with a CORESET and the active spatial relation of a PUCCH resource can be flexibly changed via MAC CE.  Hence, frequent RRC reconfiguration of PUCCH resources are not needed if we reuse the TCI and spatial relation features from NR Rel-15.

NR Rel-15 TCI framework for CORESETs and spatial relation framework for PUCCH already provide sufficient flexibility to make an association between PDCCH and PUCCH resources in the multi-PDCCH scenarios.

[bookmark: _Toc4748963]Reuse the NR Rel-15 spatial relation framework for PUCCH for UL TRP differentiation; an association between a PUCCH resource and a CORESET can be made if the active TCI state of the CORESET and the active spatial relation of the PUCCH resource point to the same source DL RS transmitted by the associated TRP. FFS on whether there is any specification impact.

Issues related to HARQ-ACK and CSI
In RAN1#96, the following agreement was made:

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.  

With regards to TDM within a slot, it should be noted that two PUCCHs within a slot is already supported in NR Rel-15 as indicated in the text below from 38.213 (although only one HARQ-ACK can be transmitted within a slot in NR Rel-15):
“A UE may transmit one or two PUCCHs on a serving cell in different symbols within a slot of [image: ] symbols as defined in [4, TS 38.211]. When the UE transmits two PUCCHs in a slot, at least one of the two PUCCHs uses PUCCH format 0 or PUCCH format 2.”
However, in Rel-16 eURLLC session, the following is already agreed:
Agreements:
Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
Hence, the same mechanism (including details of PUCCH formats) specified in Rel-16 eURLLC can be reused for supporting TDM-based separate ACK/NACK feedback for the multi-PDCCH case.
[bookmark: _Toc4748965]The same mechanism (including details of PUCCH formats) specified in Rel-16 eURLLC can be reused for supporting TDM-based separate ACK/NACK feedback within a slot for the multi-PDCCH case.
Agreeing on solutions to the same problem in two different WIs should be avoided and needs coordination between the corresponding feature leads.
On the issue of PUCCH resources overlapped in time that carry the ACK/NACK feedback corresponding to the two TRPs, two different approaches were discussed in RAN1#96.  The first approach involves defining dropping rules for one of the ACK/NACKs and the second approach involves simultaneous ACK/NACK transmission.  The drawback associated with the first approach is that it may result in one of the PDSCHs being retransmitted frequently in case the ACK/NACKs collide frequently, thus resulting in low downlink spectral efficiency.  The second approach requires either a UE capable of UL MIMO or multiple panels in the uplink.  Due to the slow progress to-date of the multi-TRP agenda in the Rel-16 MIMO, we prefer to keep this as low-priority item. 

[bookmark: _Toc4748966]The issue of PUCCH resources overlapped in time that carry the ACK/NACK feedback corresponding to the two TRPs is down prioritized in this WI.
It should be noted that PUSCH enhancements for multi-TRP based eMBB are not part of the WID scope as the scope only includes the underlined parts below:
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI

For NC-JT operation with multiple PDCCH, it is assumed that PUSCH can only be scheduled from one TRP (i.e., the primary TRP).  Otherwise, we have to deal with PUSCH collisions and situation would become more complicated.  Hence, we make the following observation assuming PUSCH can only be scheduled from the primary TRP:

Assuming PUSCH can only be scheduled from the primary TRP, the following rules may apply:
· Aperiodic CSI reporting requests can only come from the primary TRP. Periodic (possibly semi-persistent) CSI reporting may still be configured for the second TRP.
· When an ACK/NACK toward the primary TRP collides with an aperiodic CSI, the same Rel-15 UE behaviour can apply, i.e., the ACK/NACK would be multiplexed with the aperiodic CSI on PUSCH.
· When the ACK/NACK corresponding to the primary TRP collides with a PUSCH, it would be multiplexed with data on the PUSCH following Rel-15 UE behaviour.
· When the ACK/NACK corresponding to the primary TRP collides with a PUCCH carrying periodic or semi-persistent CSI for the primary TRP, the same R15 UE behaviour can apply, i.e., the ACK/NACK is multiplexed with the PUCCH.
· If the ACK/NACK corresponding to the primary TRP collides with a PUCCH carrying periodic or semi-persistent CSI for the secondary TRP, the CSI would be dropped.
· If an ACK/NACK corresponding to one TRP collides with a PUCCH carrying CSI toward the other TRP, the CSI is dropped.

Category 2: Single PDCCH based multi-TRP scheduling
According to FL summary [2], the topic for RAN1#96bis is
· Single-PDCCH based design
· Remaining open issues identified from agreements or from FL summary [1], e.g. TCI state 
· Kick off DMRS port discussion, if DMRS port indication/table enhancement is agreed to be needed in Rel-16. 
· Generally we can strive to finalize design no late than RAN1 97 for multiple DMRS tables (if needed). 

Codeword-to-layer mapping and number of CWs
An open issue for discussion is whether to keep the NR Rel-15 codeword to layer mapping also when deploying multi-TRP transmission with a single PDSCH, or whether there are benefits to consider a specification change in the mapping. In NR, a single CW is mapped to up to 4 layers and thus there are two options to consider on CW to TRP mapping in Rel-16, i.e.,
· Option 1 (new mapping): For a scheduled PDSCH, one individual CW transmitted for each TRP;
· Option 2 (Rel-15 mapping): For a scheduled PDSCH, one CW transmitted and mapped across all TRPs. 
In Option 1, since different MCS can be allocated to different CWs each mapped to a TRP, it has the potential benefit of better link adaptation when the pathloss differences to different TRPs are quite large. In case of a decoding error on one CW, only that CW needs to be retransmitted. The drawback is that to support more than two TRPs there is a large specification change needed as each CW is associated with a HARQ-ACK. In addition, the current CW-to-layer mapping needs to be extended to support two CWs for 2, 3 and 4 layers, and the issue of semi-static or dynamic switching between Rel-15 and Rel-16 codeword to layer mapping needs to be addressed. Furthermore, two CWs means overhead for additional CRC compared to a single CW.
Option 2 can be supported with the existing NR Rel-15 CW-to-layer mapping and thus no specification change is required. Hence, each layer is associated to a certain TRP by the use of the DMRS CDM groups.  The drawback may be that since a single CW and thus a single MCS is used, when the pathloss differences to multiple TRPs are large, link adaptation may not be as good as using separate MCS per TRP. However, this is not the operating point for NC-JT anyway, since if pathloss difference is large, it’s better to transmit all layers from the best TRP. 
System level simulation have been performed to compare the performance between the two options in an indoor scenario. The simulation details can be found the Appendix. The results are shown in Table 1. As was observed already in NR Rel-15 discussions on multi-TRP, Option 2 slightly outperforms Option 1. Similar results were also observed by additional companies, e.g., for NC-JT in the indoor scenario (see Figure 7 of [9]). One reason is that for NC-JT to perform better than DPS, the UE should be at the cell edge and have comparable pathlosses to both TRPs and in this case, the per TRP-based link adaptation does not provide benefits. Another reason is that multi-MCS based link adaptation is more sensitive to CSI feedback delays and errors compared to the single-MCS approach. A slightly higher retransmission probability for Option 1 was also observed. Similar results were shown in [10] where a single CW performs slightly better than two CWs.  
[bookmark: _Ref534664949]Table 1:  NC-JT Performance comparison between the new (Option 1) and Rel-15 (Option 2) CW to layer mapping.
	
	Cell edge UE throughput gain 
	Mean UE throughput gain

	RU 
	Option 1
(two CWs)
	Option 2 (Rel-15)
(single CW)
	Option 1
(two CWs)
	Option 2 (Rel-15)
(single CW)

	10%
	0%
	8%
	0%
	5%

	20%
	0%
	7%
	0%
	6%

	30%
	0%
	4%
	0%
	7%

	40%
	0%
	5%
	0%
	8%

	50%
	0%
	7%
	0%
	8%

	60%
	0%
	6%
	0%
	7%



NC-JT with Option 2 (a single CW) slightly outperforms NC-JT with Option 1 (two CWs) in indoor scenario.
The results presented here are complemented by additional system-level simulations in the Dense Urban scenario in [12] as well as link-level simulations of the indoor scenario in [13]. Altogether, these results consistently show that using a single CW performs similarly or slightly better than multiple CWs.   
Given that Option 2 slightly outperforms Option 1 and does not need any change of the existing CW-to-layer mapping, there is no reason to change the mapping in Rel-16. In addition, the multi-PDCCH approach can be used if there is a strong desire from deployment in some scenario to perform per TRP MCS adaptation. The following proposal is made:
[bookmark: _Toc4495554][bookmark: _Toc4748967]RAN1 concludes that there is no change in CW to layer mapping and number of CWs per transmission rank in Rel-16. 
Extended TCI states
At RAN1 AH 1901, the following was agreed
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact

A first remaining issue is the design for DMRS type 2. As there are three CDM groups for DMRS Type 2, but the agreement states only two TCI states can be configured to a code point, at most two TRPs can be used in the transmission of PDSCH to the UE. It is thus sufficient that the two first CDM groups are used by the PDSCH in a multi-TRP transmission. Hence,
[bookmark: _Toc4495555][bookmark: _Toc4748968]When DMRS Type 1 or Type 2 is configured, and when 2 TCI states are activated within a TCI code point, the first and second TCI state corresponds to CDM group λ=0,1 respectively. 
[bookmark: _Toc534913460]In the code point configuration, some TCI codepoints can be associated with a single TCI state as in Rel-15 and are used for DPS while some other codepoints can be associated with two TCI states and are used for NC-JT scheduling.  If DRMS ports within a single CDM group is indicated while a TCI code point with two TCI states is signaled in the same DCI, a simple rule can be used such that the first TCI state is used. This will enable re-use of code points with two TCI states also for single-TRP scheduling.
[bookmark: _Toc4495556][bookmark: _Toc4748969]When a single DMRS CDM group is indicated by antenna port indication table, the first TCI state in a code point with two TCI states is used for the scheduled PDSCH 
For DMRS type 2, it may also happen that a code point has two TCI states and all three CDM groups are indicated by antenna port indication in a DCI, but this can be seen as a gNB error case that UE does not need to handle. 
[bookmark: _Toc4748971][bookmark: _Toc534913461]When three DMRS CDM group is indicated by antenna port indication table, and the indicated TCI code point has two TCI states, then the UE can ignore the DCI
In Rel-15, there are at most 8 active TCI states that can support DPS of up to 8 different TRPs which should be sufficient for most deployments. With these agreed extended TCI states, there are many more combinations as there is a possibility to select two TRPs per TCI state.  In [15], we showed that NC-JT with 4-TRP clusters outperforms NC-JT with 2-TRP clusters by around 10% and 12% in terms of mean throughput gain at baseline RUs of 20% and 40% (note that in the 4-TRP clusters, simultaneous NC-JT transmission from at most 2 TRPs to a single UE is allowed).  With 4-TRP clusters, we have 4C2 = 6 different ways of selecting 2 TRPs for NC-JT.  This will require 6 codepoints to indicate 2 out of 4 TCI-States.  Plus, to support dynamic switching between single-TRP, DPS and NC-JT, we need 4 more codepoints to indicate a single TCI-State corresponding to each of the TRPs.  Hence, to support NC-JT with 4-TRP clusters with single PDCCH, we require up to 10 codepoints in the TCI field.  Since the current TCI-field can only support 8 TCI-States, it is beneficial to extend the number of bits in the TCI field from 3 to 4.
Another benefit of extending the number of bits is that the number of layers from two TRPs can be flexibly indicated.  Considering Rel-15 antenna port table for DMRS Type I with a single DMRS symbol, two layers and one layer can be scheduled from the first and second CDM groups, respectively.  By consuming two codepoints in the TCI field, the layer combinations (2,1) and (1,2) can both be possible from the two TRPs as follows:
· If a first codepoint of TCI field indicates TCI states 1 (corresponding to TRP 1) and 2 (corresponding to TRP 2), then TRP 1 transmits two layers and TRP 2 transmits one layer.
· If a second codepoint of TCI field indicates TCI states 2 (corresponding to TRP 2) and 1 (corresponding to TRP 1), then TRP 2 transmits two layers and TRP 1 transmits one layer.
Hence, we make the following proposal:
[bookmark: _Toc4748972]Extend the number of bits in the TCI field from 3 to 4 bits to better support NC-JT with 4-TRP clusters and to improve the flexibility of indicating different layer combinations to different TRPs. 
Note however that the number of simultaneously tracked TRSs or SSBs can remain the same as in Rel-15 and the introduction of extended TCI states should not extend the demands for tracking.
On MAC CE signaling impact of the Rel-16 TCI framework, we provide our detailed views in a separate contribution [11].
Antenna port indication tables
To support multi-TRP transmission with a single PDCCH, the DMRS port transmitted from each TRP must belong to the same CDM group. Hence, the antenna port tables must be able to indicate a flexible number of layers within a CDM group per TRP. 
The Rel-15 tables for DMRS Type 1 support scheduling of these layers (L1, L2) in the first and second CDM group respectively:
· (L1, L2)   = (1,0), (2,0), (0,1), (0,2), (1,1), (2,1), (2,2)			      for a single DMRS symbol
· (L1, L2)   = (1,0), (2,0), (3,0), (4,0), (0,1), (0,2), (0,3), (0,4), (1,1), (2,1), (2,2) for double DMRS symbols
Here, it can be seen that (1,2) is missing, i.e. the ability to schedule one layer from the first TRP and two layers from the second TRP. Although this can be supported at the cost of one additional extended TCI state code point in DCI where the two pairs of source RSs for the two TRPs are swapped to effectively support both (2,1) and (1,2), however, this configuration-based solution, which may be quite common in practice, can be avoided by adding one row in the antenna port indication table. Hence, there is a need for a small update the antenna port table in case of DMRS Type 1. 
[bookmark: _Toc4495559][bookmark: _Toc4748973]Add one row to the DMRS Type 1 antenna port indication table using ports 0,2,3 to allow for scheduling (1,2) layers in the two CDM groups respectively.
A PDCCH can indicate 1-4 layers flexibly from and contained within any CDM group so DPS with up to rank 4 is supported. DPS for rank 5-8 can also be supported by configuring additional TCI states with a single pair of source RSs for the participating TRPs. 
A further optimization of the antenna port indexing could be to also add the (3,1) and (1,3) states to the table, however, our evaluations in [8]shows that adding these kind of asymmetrical scheduling does not provide any benefits in throughput. Hence, we observe
Rel.15 antenna port indication tables for DCI signalling can be re-used for NC-JT, there is no need to introduce new tables (current reserved states in existing tables can be used)
Category 4: Reliability/Robustness specific extensions
According to FL summary [2], the topic for RAN1#96bis is
· URLLC with Multi-TRP/panel 
· only for PDSCH
· Start to down-selection and merging schemes in RAN1 96b
· Likely summarize some evaluation results from companies, if available  
· Generally we can strive to finalize design no late than RAN1 97 for PDSCH URLLC, at least for FR1 

In AH1901, the following multi-TRP schemes were defined for reliable PDSCH transmissions:
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 

The SDM and FDM schemes are further clarified in RAN1#96 and post RAN1#96 email discussion as follows,
· Scheme 1a (SDM single RV):  
· 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 1b (SDM multi-RV): 
· 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 for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.
· FFS: codeword-to-layer mapping when total number of layers <= 4
· Scheme 2a (FDM single RV): 
· 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. 
· Scheme 2b (FDM multi-RV): 
· Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
The single vs. multi-RV schemes are illustrated in Figure 2 using two TRPs as an example, where single TRP transmission and standard transparent SFN with CDD are also illustrated.

1. Single TRP
1. SFN with CDD
(c) SDM/FDM multi-layer single RV
1. SDM/FDM/TDM multi-layer  multi-RV

[bookmark: _Ref4429142]Figure 4: Single RV vs. multi-RV scheme.
In [6], an analysis of SFN with CDD, FDM repetition with a single RV, and TDM mini-slot repetition to achieve multi-TRP diversity benefits is presented and it is concluded that both FDM and TDM repetitions are beneficial for URLLC applications. In [7], a study of the effect on the number of TRPs utilized to achieve robustness is discussed and it is shown that even 4 TRPs gives a significant benefit over 2 TRPs also in the case with uneven received power distribution among the 4 TRPs (down to 9 dB difference between the best and the worst TRP). 
Further evaluations have been performed for schemes 1a/1b, 2a/2b, and 3 together with single TRP and SFN with CDD, i.e.,
· Single TRP:  single layer transmission over TRP#1 only
· SFN with CDD: PDSCH transmission over two TRPs with a single layer, where separate precoders are applied to each TRP based on PMI feedback and CDD is applied over the second TRP
· Scheme 1a: SDM with a single CW over two layers, one for each TRP, with fully overlapped resource
· Scheme 1b: SDM with two RVs, each over one layer and one TRP, with fully overlapped resource
· Scheme 2a: FDM with a single CW over two TRPs, each allocated with half of the scheduled RBs
· Scheme 2b: FDM with two RVs over two TRPs, each allocated with half of the scheduled RBs
· Scheme 3: TDM with two RVs over two mini-slots, each over one TRP
The resource allocations are shown in Figure 3, where 8RB by 4 OFDM symbols are allocated for PDSCH transmission. A single symbol DMRS of type 1 was configured without data multiplexing, thus the available REs for PDSCH are the same for all schemes except for the TDM scheme, which for a fair comparison was also allocated with 4 OFDM symbols in total.  Fixed TB sizes of 256bits and 128bits were simulated with fixed QPSK modulation. A single layer from each TRP was used.  For TBS=256bits, the corresponding coding rate is about 0.44 for single TRP, SFN, FDM single RV, and SDM multi-RV, and about 0.22 for SDM single RV, and 0.88 for FDM multi-RV. The coding rate for TDM would be 1.33, which is not feasible and thus was not simulated. For TBS=128bits, the corresponding coding rate is about 0.22 for single TRP, SFN, FDM single RV and SDM multi-RV, and about 0.11 for SDM single RV, 0.44 for FDM multi-RV, and 0.67 for TDM.  
In case of SDM schemes 1a and 1b, joint PMI feedback by taking inter-TRP interference into account and MMSE-IRC receiver were used. For other schemes, per TRP PMI feedback and MMSE receiver were used. Other simulation assumptions can be found in the Appendix.


[bookmark: _Ref4429996]Figure 5: Resource allocation.
The simulation results are shown in Figure 6, where two pathloss (PL) offsets (0, -6) dB were simulated. In case of PL = -6dB, there is 6dB higher pathloss from the second TRP. For single TRP transmission, it is always transmitted from the 1st TRP. For multi-RV schemes, only RV combination of (0,2) is shown. Results with other RV combinations can be found in a companion paper [14]. The code rate in the figures is for single TRP transmission.
(a)
(b)
(c)
(d)

[bookmark: _Ref4576768]Figure 6: Comparison of different schemes
From the results we have the following observations:
1. [bookmark: _Toc4505649]SDM single RV performs very similar as SDM multi-RV (Scheme 1b) in all cases.  
1. FDM single RV performs (scheme 2a) slightly better than FDM multi-RV (Scheme 2b) with 0dB PL offset and code rate =0.44.  The two are very similar in other scenarios. 
1. [bookmark: _Toc4505648]The performance of SDM is slightly better than FDM when PL offset = -6dB and code rate =0.44. FDM is slightly better than SDM at code rate =0.22.
1. [bookmark: _Toc4505650]For the same amount of resources, TDM with mini-slot repetition (Scheme 3) performs poorly due to higher DMRS overhead.
1. SDM and FDM generally outperform SFN with CDD.
1. All multi-TRP schemes outperform single TRP.
Results for 4Tx antennas per TRP and 4Rx antennas at the UE are provided in a companion paper [16] with similar observations.  Given the above observations, we have the following proposal:
[bookmark: _Toc4748974]Both SDM single RV (Scheme 1a) and FDM single RV (Scheme 2a) are supported. 
Although SDM and FDM outperform TDM with mini-slot repetition given the same amount of resources, they do not work at FR2 if the UE is only capable of receiving data from one TRP at a time, thus TDM with mini-slot repetition is needed for FR2 to meet very low latency requirements. 
[bookmark: _Toc4748975]TDM with mini-slot repetition (Scheme 3) is supported for FR2.
SDM single RV requires the least spec changes. It could be supported already with the existing eMBB agreement on multiple TCI states signaling with single PDCCH and NR Rel-15 CW to layer mapping. To fully take advantage of SDM over two TRPs, CSI feedback enhancement is needed to consider interferences between TRPs. Alternatively, SRS may be used in case of TDD to derive the optimal precoder for each TRP.  The benefits of SDM is that it is possible to adapt pathloss differences between TRPs by assign different layers to different TRPs in a seamless manner.  This cannot be achieved easily with FDM single RV.  
It is noted that for slot level repetition, the functionality already exists in Rel-15 through the higher layer parameters pdsch- AggregationFactor where each PDSCH is transmitted with a cycling of predefined RVs with the restriction of a single layer PDSCH. This principle can be extended to also include TCI states. Hence, when UE is configured for such robustness operation, the PDCCH can trigger a set of PDSCH transmissions where each PDSCH may use a different TCI state from the set of activated TCI states in a predefined manner. This principle can be extended to TDM with mini-slot repetition and FDM. How the repetition “pattern” should look like, the parameters Ns, Nd, Nt1 and Nt2, and how to configure repetition (e.g. by RRC or by RRC + DCI) can be further studied and discussed. 
As in Rel-15, for Scheme 4 with mini-slot based repetition the DCI that triggers the “first” PDSCH contains the necessary information about resource and antenna port allocation, number of layers for a PDSCH etc. and then the same payload is repeated in each of the higher layer configured mini-slot resources, except for RV and TCI states which may change from mini-slot to mini-slot. 
The basic principle is that RRC configures the resources for repetition as in Rel.15 (slot aggregation), and DCI schedules one PDSCH. It can be further studied what DCI can indicate, for example whether DCI can select between overlapping and non-overlapping resources, the number of repetitions, which TCI states should be utilized per PDSCH etc.
[bookmark: _Toc4748976][bookmark: _Toc4495563]Higher layer configures the UE with possible resource location for each repetition of the PDSCH including repetition positions in time (e.g. single or multiple slot or mini-slot based) and in frequency (e.g. non-overlapping or overlapping). FFS if and how DCI can dynamically select among these higher layer configured repetition resources and associated TCI states. 

For PDCCH robustness, a similar approach as for PDSCH can be taken, where the same DCI is repeated across multiple CORESETs since each CORESET is configured with an individual TCI state. Note that PDCCH repetition and PDSCH repetition as discussed above can be independently configured based on the need. For PDSCH repetition to be enabled, only a single DCI needs to be received and whether this DCI is also repeated by using multiple PDCCH in different CORESET is an independent discussion. 
[bookmark: _Toc4495564][bookmark: _Toc4748977]The UE can be configured with a search space repetition set across N>1 CORESETs where the same search space is repeated in each CORESET. For a given PDCCH candidate, with a given DCI size, in one search space/CORESET there is a corresponding candidate in each search space in the repetition set of N. All corresponding candidates have the same DCI size and aggregation level.
By this repetition, the UE can perform soft combining of the N PDCCH candidates to improve the DCI detection reliability. 
Conclusion 
Based on the discussion in this contribution these proposals are made:
Proposal 1	In NR Rel-16, specify a mechanism to align the 6-PRB grid of regular CORESETs with the grid of CORESET#0.
Proposal 2	Define a rule for prioritizing PDCCH candidates from different search spaces/CORESETs when they collide.
Proposal 3	In multi-PDCCH, the maximum number of CORESETs per BWP is at least five.
Proposal 4	Each of the two PDSCH in multi-PDSCH scheduling for NC-JT can be configured to be associated with independent rate matching patterns.
Proposal 5	The rate matching parameters of RateMatchPattern in the configured ServingCellConfigCommon are valid for both of the two PDSCHs scheduled by the two PDCCHs.
Proposal 6	Pre-emption indication enhancements for multi-PDCCH have low priority in this WI.
Proposal 7	A UE receiving downlink NC-JT scheduling assignments of two PDSCHs can ignore any scheduling where a scheduled PDSCH is mapped to REs used for DMRS of the other scheduled PDSCH to the same UE
Proposal 8	The lte-CRS-ToMatchAround rate matching functionality is extended to allow a UE to be configured with multiple such CRS patterns and is instantiated in ServingCellConfig (which is easily extensible). Whether they apply to all PDSCHs or per PDSCH is FFS.
Proposal 9	Reuse the NR Rel-15 spatial relation framework for PUCCH for UL TRP differentiation; an association between a PUCCH resource and a CORESET can be made if the active TCI state of the CORESET and the active spatial relation of the PUCCH resource point to the same source DL RS transmitted by the associated TRP.
Proposal 10	The same mechanism (including details of PUCCH formats) specified in Rel-16 eURLLC can be reused for supporting TDM-based separate ACK/NACK feedback within a slot for the multi-PDCCH case.
Proposal 11	The issue of PUCCH resources overlapped in time that carry the ACK/NACK feedback corresponding to the two TRPs is down prioritized in this WI.
Proposal 12	RAN1 concludes that there is no change in CW to layer mapping and number of CWs per transmission rank in Rel-16.
Proposal 13	When DMRS Type 1 or Type 2 is configured, and when 2 TCI states are activated within a TCI code point, the first and second TCI state corresponds to CDM group λ=0,1 respectively.
Proposal 14	When a single DMRS CDM group is indicated by antenna port indication table, the first TCI state in a code point with two TCI states is used for the scheduled PDSCH
Proposal 15	When three DMRS CDM group is indicated by antenna port indication table, and the indicated TCI code point has two TCI states, then the UE can ignore the DCI
Proposal 16	Extend the number of bits in the TCI field from 3 to 4 bits to better support NC-JT with 4-TRP clusters and to improve the flexibility of indicating different layer combinations to different TRPs.
Proposal 17	Add one row to the DMRS Type 1 antenna port indication table using ports 0,2,3 to allow for scheduling (1,2) layers in the two CDM groups respectively.
Proposal 18	Both SDM single RV (Scheme 1a) and FDM single RV (Scheme 2a) are supported.
Proposal 19	TDM with mini-slot repetition (Scheme 3) is supported for FR2.
Proposal 20	Higher layer configures the UE with possible resource location for each repetition of the PDSCH including repetition positions in time (e.g. single or multiple slot or mini-slot based) and in frequency (e.g. non-overlapping or overlapping). FFS if and how DCI can dynamically select among these higher layer configured repetition resources and associated TCI states.
Proposal 21	The UE can be configured with a search space repetition set across N>1 CORESETs where the same search space is repeated in each CORESET. For a given PDCCH candidate, with a given DCI size, in one search space/CORESET there is a corresponding candidate in each search space in the repetition set of N. All corresponding candidates have the same DCI size and aggregation level.
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Appendix: 
 System Level Simulation Assumptions for NC-JT
For system level evaluations, the agreed assumptions from RAN1#94bis are used.  The remaining evaluation assumptions are given in the table below.
	Parameter
	Indoor-hotspot

	Carrier frequency
	4 GHz

	Simulation bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	BS antenna configuration
	(M, N, P, Mg, Ng) = (1,1,2,1,1)

	UE antenna configuration
	(M, N, P, Mg, Ng) = (1,2,2,1,1);

	UE receiver
	MMSE-IRC

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	OLLA
	On

	Channel Estimation 
	Ideal channel estimation

	Rank hypothesis
	1 or 2 rank transmission per TRP (rank adaptation enabled)


	Coordination cluster size
	2 TRPs per cluster 



Link Level Simulation Assumptions for Reliable PDSCH Transmission over Multi-TRP
	Parameters
	Value

	Carrier frequency
	4GHz 

	BW
	10MHz

	Subcarrier spacing
	15kHz

	Channel model
	CDL-A with 300ns delay spread

	UE mobility
	3km/h

	Number of TRPs
	2

	Pathloss offset of the 2nd TRP
	0dB, -6dB

	Number of Tx antenna ports per TRP 
	2 

	Number of UE Rx antennas
	2

	Number of layers per TRP
	1

	DMRS configuration
	One symbol, type 1, no data and DMRS multiplexing

	Number RBs
	8

	Number of OFDM symbols
	4

	TBS size
	128bits, 256bits

	Modulation
	QPSK

	Channel estimation
	Practical

	PRG size
	2 RBs

	Receiver
	MMSE-IRC 

	Precoding
	Wideband, based on PMI feedback. For SDM schemes 1a and 1b, joint CSI feedback is used. 
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