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Introduction
In RAN1#96 meeting, some agreements were achieved for both eMBB and URLLC as follows [1]
· For multiple PDCCH design for eMBB
Agreement#1
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2

Agreement#2
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

Agreement#3
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

Agreement#4
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

Agreement#5
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

· For single PDCCH design for eMBB
Agreement#6
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
In this contribution, we provide our views for multiple-TRP/panel transmission for both eMBB and URLLC.
Discussion
Single PDCCH design 
In this section, some enhancements with higher priority are analyzed for single PDCCH design, such as DMRS port indication, PTRS port indication. Besides DMRS and PTRS enhancements, some other enhancements should also be supported, including Rate matching, CW mapping, CSI measurement and default QCL assumption for PDSCH in the case that the timing offset between PDCCH and the corresponding PDSCH is less than the threshold. More details can be found in our companion contributions [2].
DMRS indication 
Based on Agreement#6 in section 1, one or two TCI states can be indicated by one TCI codepoint in DCI. If one TCI state is indicated by TCI codepoint, the PDSCH transmission is thus the single TRP/panel transmission as the same as Rel-15. The DMRS port indication table of Rel-15 can be completely reused. If two TCI states are indicated by TCI codepoint, the PDSCH transmission is thus the multi-TRP/panel transmission. Two TCI states should correspond to different CDM groups in this case. However, the DMRS port indication table of Rel-15 is not suitable to get enough flexibility, e.g. support layers combinations including a+b = 1+1, 1+2, 2+1, 2+2, 2+3, 3+2, 3+3, 3+4, 4+3 and 4+4 where a and b respectively correspond to the number of DMRS ports from the first and the second coordinated TRPs. 
Taking DMRS type 1 with maximum 2 symbols as an example in the case when two TCI states are indicated, DMRS port combinations should at least include candidates as shown in Table 2.1-1. In the table, the entries in red are not included in the Rel-15 table 7.3.1.2.2-2 in 38.212. It is noted that more new entries should be included, e.g. port combination (1 ; 3), (4,5 ; 6,7) if MU-MIMO for NCJT is considered. 
Table 2.1-1 DMRS table when two TCI states are indicated, Type 1, dmrs-Type=1, maxLength=2,
	One Codeword:
	Two Codewords:

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
(for 1st TCI; for 2nd TCI)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
(for 1st TCI; 
for 2nd TCI)
	Number of front-load symbols

	0
	2
	0; 2
	1
	0
	2
	0,1; 2,3,6
	2

	1
	2
	0,1; 2
	1
	1
	2
	0,1,4; 2,3
	2

	2
	2
	1; 2,3
	1
	2
	2
	0,1,4; 2,3,6
	2

	3
	2
	0,1; 2,3
	1
	3
	2
	0,1,4; 2,3,6,7
	2

	4
	2
	0; 2
	2
	4
	2
	0,1,4,5; 2,3,6
	2

	5
	2
	0,1; 2
	2
	5-31
	2
	0,1,4,5; 2,3,6,7
	2

	6
	2
	1; 2,3
	2
	
	
	
	

	7
	2
	0,1; 2,3
	2
	
	
	
	

	8-31
	Reserved
	Reserved
	Reserved
	
	
	
	



Basically, there are two options for the DMRS table enhancement as follows
· Option 1: The legacy table is revised. No matter the number of indicated TCI states is 1 or more, the revised table is always used for Rel-16 UEs. 
· More entries are added in the Rel-15 table for NCJT. The DMRS table size may be increased compared with Rel-15 table.
· When two TCI states are indicated by TCI codepoint in DCI, the entries with DMRS port(s) mapped on only one CDM group should be clarified.
· Option 2:  
· When two TCI states are indicated by TCI codepoint in DCI, a new DMRS table is used. In the new table, 
· Indicated DMRS port(s) in one allocated CDM group corresponds to the first/second TCI state, the remaining indicated DMRS port(s) corresponds to the second/first TCI state.
· When single TCI state is indicated by TCI codepoint in DCI, the Rel-15 DMRS table is used.
· Number of bits for antenna ports field is the same (hence same DCI size) in both cases above

For option 1, the DMRS table size will be larger than Rel-15 table if the red entries in table 2.1-1 are added in the table 7.3.1.2.2-2 in the current 38.212 for one CW case. Then, option 1 causes the larger DCI size. Meanwhile, when two TCI states are indicated, the entries with one DMRS port or DMRS ports mapped on only one CDM group are not needed. Therefore, those entries should be restricted or clarified in the case when two TCI states are indicated. Furthermore, if some URLLC transmission schemes are supported, e.g. TDM and FDM, more entries should be added to indicate DMRS port(s) for those schemes.    
For option 2, the DMRS table size is the same as Rel-15. Only a few of entries with DMRS ports mapped on at least two CDM groups are included in the new table for eMBB as shown in Table 2.1-1. The benefit of such a design is also to minimize the DCI impact for URLLC since we can use the rest of the rows in the new table to indicate other information, e.g. FDM or TDM. 
Therefore, the benefit of option 2 is very clear. 
[bookmark: _GoBack]Proposal 1: When two TCI states are indicated by TCI codepoint in DCI, a new DMRS table is used. When single TCI state is indicated by TCI codepoint in DCI, the Rel-15 DMRS table is used. In the new table, 
· Indicated DMRS port(s) in one allocated CDM group corresponds to the first/second TCI state, the remaining indicated DMRS port(s) corresponds to the second/first TCI state.
· Number of bits for antenna ports field is the same as Rel-15.
Similar to Rel-15, the same DMRS table should be used for URLLC and eMBB, then the new DMRS table should also be used for URLLC. Therefore, more entries may be added in the new table to support dynamic switching among the transmission schemes as described in section 2.3.
PTRS 
As shown in Agreements#7 and #8 of Rel-15 in the Section 6 in our previous contribution [5], the maximum number of PTRS ports should be the same as the number of indicated DMRS port groups. For multi-TRP transmission, the number of PTRS ports is the same as the number of the DMRS port groups since different TRPs cannot share the same oscillator. For multi-panel transmission, multiple DMRS port groups can share the same PTRS port if they share the same oscillator. Since the number of DMRS groups is the same as the number of TCI states or QCL RS sets which is indicated by TCI, the number of transmitted PTRS ports should be indicated by TCI field in DCI. Because the scenarios are exactly the same as Rel-15, we propose to confirm those agreements of Rel-15. 
Proposal 2: Support two DL PTRS ports. 
· The maximum number of PTRS ports should be the same as the number of indicated TCI states.
· The number of transmitted PTRS ports is indicated by DCI-indicated TCI codepoint. 
Multiple PDCCH design
In this section, we provide our views to support multi-PDCCH design.
UL control 
As shown in Agreement#4, different CORESETs can be configured for different TRPs. In other words, the configured CORESETs should be divided into two CORESET groups which correspond to two TRPs respectively. 
Similar with DL, the UL control resources should be divided into two UL control groups for separate ACK/NACK feedback, where one UL control group corresponds to one TRP. In order to group UL control resources, three options can be considered as follows
· Option 1: Two PUCCH-Config.
· This solution has most flexibility. Many parameters under PUCCH-Config can be different for the two TRPs, including 
· resourceSetToAddModList and resourceToAddModList
· multi-CSI-PUCCH-ResourceList
· dl-DataToUL-ACK
· This parameter is to define the candidates of the slot gap between PDSCH and A/N feedback. In order to make PUCCH resources TDMed for two TRPs, this parameter should be configured independently for the two TRPs.  
· spatialRelationInfoToAddModList
· PUCCH-SpatialRelationInfo is updated by MAC-CE. The pools of PUCCH-SpatialRelationInfo should be independent for two TRPs since the UL beams for different TRPs are likely different.  So independent update on spatialRelationInfo should be supported MAC-CE from one TRP is only used to update its PUCCH-SpatialRelationInfo from the corresponding pool. The MAC-CE overhead will be saved if the update can be done per PUCCH group
· pucch-PowerControl
· The power control, e.g. TPC command should be separate for the two TRPs.

· Option 2: PUCCH resource sets within PUCCH-Config are divided into two groups. 
· Some parameters within PUCCH-Config should be extended to two for more flexibility as listed in option1.

· Option 3: PUCCH resources within each PUCCH resource set are divided into two groups. 
· In Rel-15, the maximum payload size is configured per PUCCH resource set. UE first chooses the suitable PUCCH resource set based on the maximum payload of configured PUCCH resource sets and the actual feedback A/N bits. Then UE chooses one PUCCH resource within the resource set based on PRI in DCI. For multi-TRP transmission, the number of A/N bits may not be the same for the two TRPs, then it is possible that the maximum A/N bits for the two TRPs are very different. In other words, option 3 has a clear drawback since two TRPs share the same PUCCH resource set, then they must have the same level of maximum payload of A/N bits.
· Some parameters within PUCCH-Config should be extended to two for more flexibility as listed in option1.

Based on the aforementioned analysis, option 1 is most simple and flexible solution. 

Proposal 3: Support two ‘PUCCH-Config’ corresponding to two TRPs.
A shown in Agreement#5, TDMed PUCCH resources within one slot has not been agreed yet. Because two PUCCH resources within one slot for A/N feedback has been agreed in URLLC agenda, it is nature to support TDMed PUCCH resources within one slot for multi-TRP transmission. Otherwise, the possible PUCCH resources for each TRP will be very limited.
Proposal 4: Support TDMed PUCCH resources within one slot to convey separate ACK/NACK feedback for two TRPs.
After extended or divided those necessary DL and UL configurations across all BWPs and CCs, all parameters in the same group should be associated for the same TRP. As shown in Figure 2.2-1, all parameters in the blue box are associated for TRP0, and all parameters in the red box are associated for TRP1.
[image: ]
Figure 2.2-1 Two parameters group
Since two coordinated TRP0 and TRP1 have the separate PDSCH scheduling and A/N feedback, DAI calculation including DAI total and DAI counter should also be separate. As shown in Figure 2.2-2, DAI value is calculated across all CCs, that’s why we propose to set up the association among those higher layer parameters across all CCs for the same TRP.
[image: ]
Figure 2.2-2 Separate DAI counter for TRP0 and TRP1
One straightforward way is to introduce one group ID for each CORESET and PUCCH-Config. Consequently, the configured CORESETs and PUCCH resources will be associated for each TRP. 
Proposal 5: For multiple PDCCH design, introduce one group ID for each CORESET and PUCCH-Config. 
· For PDSCHs scheduled by DCIs from CORESETs with different group ID, the DAI calculation is separate.
· For PDSCHs scheduled by DCIs from CORESETs with group ID i, the PUCCH resource/resource set for A/N feedback should be chosen from those in PUCCH-Config with group ID i, where i= 0 or 1.

Because of non-ideal backhaul, separate A/N feedback on PUCCH has been agreed for two TRPs. Therefore, it is natural to extend this agreement for UCI feedback on both PUCCH and PUSCH. Moreover, at least TDMed PUCCH or PUSCH transmission can be supported for two TRPs. 
In addition, the power control for the two TRPs should be separate, including open loop configurations and close loop indication. For close loop indication, TPC command indicated by DCI from CORESET group i (corresponding to TRP i) can only be used for PUSCH transmission scheduled by DCI from the same CORESET group or for PUCCH resources in PUCCH-Config with group ID i. Furthermore, PHR should also be separate for the two TRPs.
Proposal 6: Support separate PUCCH/PUSCH transmission for two TRPs.
· PUCCH/PUSCH can be TDMed with separated HARQ-ACK codebook, CSI feedback
· Power control on PUSCH and PUCCH should be separate for two TRPs
· PUSCH/PUCCH associated with different CORESET groups have different set of PC open and closed loops
· PHR should also be separate for the two TRPs.

DL control
For multiple-PDCCH based multi-TRP transmission, it is better to support separate rate matching resource configuration for two TRPs. This is because the signal (e.g. CSI-RS) transmitted on rate matching resources from TRP0 may not introduce much interference to PDSCH transmitted from TRP1. Therefore, rate matching resources for two TRPs should be separately configured, including 
· rateMatchPattern, rateMatchPatternGroup, aperiodic ZP CSI-RS resource sets, semi-persistent ZP CSI-RS resource sets, periodic ZP CSI-RS resource sets.
· Those are configured in PDSCH-Config. Since the values of many other parameters under PDSCH-Config can be also different, e.g. dataScramblingIdentityPDSCH, TCI list, pdsch-TimeDomainAllocationList, two PDSCH-Config should be supported.
· lte-CRS-ToMatchAround, rateMatchPattern
· Those are configured in ServingCellConfig. Two groups of those parameters should be supported.
· Semi-persistent and periodic NZP CSI-RS resource sets 
· Those are configured in CSI-ResourceConfig. Then all configured CSI-ResourceConfig should be divided into two groups.

So we propose to separately configure above higher layer parameters for two TRPs as follows 
Proposal 7: Support two rate matching resource groups for two TRPs respectively. The rate matching resources in rate matching resource group i should only be used for PDSCH scheduled by DCI from CORESET group i. 
· two PDSCH-Config. 
· two groups of lte-CRS-ToMatchAround, rateMatchPattern in ServingCellConfig
· two groups of CSI-ResourceConfig. 
As shown in Agreement#2 in section 1, two PDSCH transmissions scheduled by two DCIs should be ensured in the same active BWP. However, dynamic BWP switching is supported. With non-ideal backhaul, it is hard to ensure the same active BWP if both two DCI include bandwidth part indicator field and indicate different BWP ID. In order to ensure the same active BWP for two PDSCH transmission, It is enough to support bandwidth part indicator field in only one of two DCIs. Although two TRPs has non-ideal backhaul, they can coordinate and get a unified BWP switching pattern periodically.
Similarly, for dynamic SFI based on DCI format 2-0, only one of two TRPs transmitting this information is enough in order to save DCI overhead and avoid the collision between DL and UL for the two TRP transmission. 
Proposal 8: Bandwidth part indicator and dynamic SFI are indicated by DCI from only one of two CORESET groups.  
Besides above views on multi-PDCCH design, more enhancement views can be found in our companion contribution [3].
PDSCH reliability enhancement for URLLC
In order to facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are clarified via email discussion as follows:
· 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 1b:
· 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 1c:
· One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.
· Applying different MCS/modulation orders for different layers or layer sets can be discussed.
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation 
· 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.
· Scheme 2a:
· 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:
· 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.
· Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.
· Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed.
· 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
· Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.
· Note: Support of number of layers per TRP may be discussed
TDM repetition within a single slot or across multiple slots, i.e. scheme 3 and scheme 4 in the agreement can be based on a consistent solution. Similar with FDM, TDM repetition can also avoid inter-TRP interference. Considering standard effort, maximum two TCI states can be a starting point. Furthermore, another aggregation factor should be introduced for mini-slot based repetition to inform the number of PDSCH in time domain within one slot. Those PDSCH transmissions within one slot can be predefined in consecutive mini-slots. Because the channel condition varies dynamically, it is better to support dynamically indicate the number of the repetitions within one slot. If the transient SINR is higher, the number of the repetitions within one slot can be smaller, vice versa. 
Proposal 9: Support scheme 3 and scheme 4. 
· The maximum number of indicated TCI states is 2.
· Support dynamic indication of the number of repetitions
For FDM, two TCI states correspond to two non-overlapping frequency resource parts within single slot. Since there is no any inter-TRP interference based on FDM repetition, the performance can be significantly increased. For scheme 2a, low code rate is achieved. For scheme 2b, UE can get combining gain at the receiver side. In order to verify the performance of these two schemes, we provide our LLS results in Figure 2.3-1 for QPSK with code rate = 1/5 for scheme 2b and 1/10 for scheme 2a. For scheme 2a, single RV=0 is used. For scheme 2b, two RVs = 0 and 2 are used. In the blockage case, the transmission of second TRP is completely blocked. For each TRP, four PRBs are allocated.
[image: ] [image: ]
without blockage                               with blockage
Figure 2.3-1 BLER comparison of FDM-2a and FDM-2b, one layer per TRP
From the results, the similar performance is observed for the two schemes. Since scheme 3 also supports the same or different RVs for multiple repetitions within one slot, we didn’t see any difference between scheme 2b and scheme 3. There is no motivation to use different schemes for TDM and FDM cases. Then scheme 2b is more preferred in order to make solutions unified. Furthermore, scheme 2b can lead to simpler gNB implementation because two TRPs (maybe two gNBs) can independently process CRC, channel coding and scrambling for the same TB. Then the modulated symbols from the two gNBs are independent mapped on two RB sets. From one gNB side, the procedure is the same as Rel-15.
Since the FDM scheme 2b is based on single PDCCH design. It is better to reuse the same frequency resource allocation field in DCI as Rel-15. If only one MCS field is configured in DCI, the same MCS value should be used for the two frequency resource parts. And the same number of PRB or RBGs can be predefined. Furthermore, to reduce the UE complexity, two TRP corresponding two TCI states are enough.
Therefore, we propose to support scheme 2b.
Proposal 10: Support FDM scheme 2b.
· The maximum number of indicated TCI states is 2.
· The same number of RB or RBG can be predefined for two TRPs.
For SDM, scheme 1a is the same as single PDCCH design for eMBB withlow code rate. In scheme 1b, two complete TBs with same or different RVs are transmitted by two TRPs. In this case, UE can get combining gain at the receiver side. Both scheme 1a and 1b are based on orthogonal DMRS ports from multi-TRP with at least two TCI states. In order to verify the performance of these two schemes, we provide our LLS results in Figure 2.3-2 for QPSK with code rate = 1/5 for scheme 1b and 1/10 for scheme 1a. For scheme 1a, single RV=0 is used. For scheme 1b, two RVs = 0 and 2 are used. In the blockage case, the transmission of second TRP is completely blocked. More results can be found in our companion contribution [4].
[image: ]   [image: ]
without blockage                               with blockage
Figure 2.3-2 BLER comparison of SDM-1a and SDM-1b, one layer per TRP
From the results, similar performance is observed for the two schemes. Therefore, we propose to support 1b as the same reason for FDM. Since the scheme 1b is based on single PDCCH design, we propose to follow the TCI structure of single PDCCH design for URLLC. Then we propose the maximum number of indicated TCI states should be 2. 
Proposal 11: Support SDM scheme 1b.
· The maximum number of indicated TCI states is 2.
If there is no much interference between two TRPs e.g. with narrow beam cases, the benefit of scheme 1b is obvious since more layers are introduced by NCJT compared with SFN transmission. However, if the interference between TRPs is severe, it is better to support SFN transmission which have two options:
· Scheme 1c: one DMRS port with two TCI states
·  UE can separately estimate frequency offsets for the two TRPs based on two indicated TRS. Based on two estimated frequency offsets, UE calculates a proper frequency offset to compensate for channel estimation on the DMRS port.

· Scheme 1d: SFN transmission based on Rel-15 from multi-TRP with single TCI state
·  TRS configured by the TCI state should be transmitted by the two coordinated TRPs simultaneously. UE calculates a combined frequency offset based on the combined TRS. 




For scheme 1c, two TRS, i.e. TRS1 and TRS 2 are indicated by two TCI states. It is up to UE to get a proper frequency offset based on the two TRS for the DMRS compensation. For instance, UE calculate the final frequency offset [image: ] based on , where [image: ] and are the estimated frequency offsets from TRS 1 and TRS 2.  and  are the scaling factors. At UE side, the scaling factor can be larger if the received power of the TRS is larger.
For scheme 1d, although it is standard transparent, it causes more TRS overhead since a combined TRS is introduced. 


In order to compare the performance between scheme 1c and 1d, we provide our simulation results in Figure 2.3-3. In the simulation,  and  for scheme 1c, where p1 and p2 are the received power for TRS1 and TRS2. More simulation details can be found in our companion contribution [4].
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(a) TRS BW = 50 PRBs                  (b) TRS BW = 4PRBs
Figure 2.3-3 frequency offset for TRP1 = 100Hz, frequency offset for TRP2 = 500Hz
From the results, we can see option 1c has better performance since more accurate frequency offset is estimated.
Proposal 12: Support SDM scheme 1c, i.e. one transmission occasion is one layer of the same TB with one DMRS port associated with two TCI states.
Furthermore, TDM repetition can be combined with SDM or FDM. For instance, the total number of repetitions in both time domain and spatial domain should be 2K for TDM+SDM, and the total number of repetitions in both time domain and frequency domain should be 2K for TDM+FDM.
Proposal 13: Support FDM+TDM and SDM+TDM. 
In order to get most flexibility, dynamic switching among TDM, FDM+TDM and SDM+TDM should be supported. One way to support dynamic switching of these transmission schemes is to use DMRS port indication. As described in proposal 1 in section 2.1, when two TCI states are indicated by TCI codepoint in DCI, the entries in the new DMRS table can be divided into several groups and each group corresponds to one transmission scheme. 
Proposal 14: Support dynamic switching among TDM, FDM+TDM and SDM+TDM. 
In Rel-15, only rank 1 PDSCH transmission is allowed for multi-slot scheduling because only small packet sizes of URLLC traffic was considered. However, many kinds of scenarios are considered in Rel-16, such as Factory automation, AR/VR, Transport Industry. The maximum packet size is over thousands of bytes. To make transmission more efficient, the rank restriction should be released. Furthermore, cross polarization is the most typical antenna structure in the real deployment, more than rank 1 transmission is more suitable.
Here we provide the some simulation results to justify the benefit of more rank transmission. In the simulation, we compare ran 1 per TRP transmission with rank 2 per TRP transmission for SDM scheme 1a. As we can see, rank 2 per TRP can obviously introduce higher reliability because of lower code rate.
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(a)QPSK, cr=0.2 and 0.1 respectively             (b)16QAM, cr=0.2 and 0.1 respectively
Figure 2.3-4 BLER comparison of one layer per TRP and two layers per TRP
Proposal 15: Support more than rank 1 transmission in each FDM/TDM/SDM repetition for each TRP.
Besides the reliability enhancement for PDSCH transmission, we provide our views on PDCCH, PUCCH and PUSCH enhancement in our companion contribution [4].
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to enhance multiple TRP/panel transmission. 
Proposal 1: When two TCI states are indicated by TCI codepoint in DCI, a new DMRS table is used. When single TCI state is indicated by TCI codepoint in DCI, the Rel-15 DMRS table is used. In the new table, 
· Indicated DMRS port(s) in one allocated CDM group corresponds to the first/second TCI state, the remaining indicated DMRS port(s) corresponds to the second/first TCI state.
· Number of bits for antenna ports field is the same as Rel-15.
Proposal 2: Support two DL PTRS ports. 
· The maximum number of PTRS ports should be the same as the number of indicated TCI states.
· The number of transmitted PTRS ports is indicated by DCI-indicated TCI codepoint. 
Proposal 3: Support two ‘PUCCH-Config’ corresponding to two TRPs.
Proposal 4: Support TDMed PUCCH resources within one slot to convey separate ACK/NACK feedback for two TRPs.
Proposal 5: For multiple PDCCH design, introduce one group ID for each CORESET and PUCCH-Config. 
· For PDSCHs scheduled by DCIs from CORESETs with different group ID, the DAI calculation is separate.
· For PDSCHs scheduled by DCIs from CORESETs with group ID i, the PUCCH resource/resource set for A/N feedback should be chosen from those in PUCCH-Config with group ID i, where i= 0 or 1.
Proposal 6: Support separate PUCCH/PUSCH transmission for two TRPs.
· PUCCH/PUSCH can be TDMed with separated HARQ-ACK codebook, CSI feedback
· Power control on PUSCH and PUCCH should be separate for two TRPs
· PUSCH/PUCCH associated with different CORESET groups have different set of PC open and closed loops.
· PHR should also be separate for the two TRPs.
Proposal 7: Support two rate matching resource groups for two TRPs respectively. The rate matching resources in rate matching resource group i should only be used for PDSCH scheduled by DCI from CORESET group i. 
· two PDSCH-Config. 
· two groups of lte-CRS-ToMatchAround, rateMatchPattern in ServingCellConfig
· two groups of CSI-ResourceConfig. 
Proposal 8: Bandwidth part indicator and dynamic SFI are indicated by DCI from only one of two CORESET groups. 

Proposal 9: Support scheme 3 and scheme 4. 
· The maximum number of indicated TCI states is 2.
· Support dynamic indication of the number of repetitions

Proposal 10: Support FDM scheme 2b.
· The maximum number of indicated TCI states is 2.
· The same number of RB or RBG can be predefined for two TRPs.

Proposal 11: Support SDM scheme 1b.
· The maximum number of indicated TCI states is 2.
Proposal 12: Support SDM scheme 1c, i.e. one transmission occasion is one layer of the same TB with one DMRS port associated with two TCI states.
Proposal 13: Support FDM+TDM and SDM+TDM. 
Proposal 14: Support dynamic switching among TDM, FDM+TDM and SDM+TDM.
Proposal 15: Support more than rank 1 transmission in each FDM/TDM/SDM repetition for each TRP.
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