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1
Introduction
In RAN1-AH-1901, a number of agreements related to multi-TRP enhancements were captured in [1]. In this document, we discuss and provide our views on following topics in multi-TRP enhancements for both eMBB and URLLC transmissions:
· Multiple PDCCH related enhancements for eMBB

· Number of PDSCH codewords

· PDSCH resource scheduling

· UL control transmission

· Single PDCCH related enhancements for eMBB

· TCI signalling

· Multiple PDCCH related enhancements for URLLC

· PDSCH (with same TB) resource scheduling

· DL control transmission

· UL control transmission

2
Discussion
2.1 Multiple PDCCH related enhancements for eMBB transmission
Total number of PDSCH codewords with multiple PDCCH
Agreement 

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 X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.

· X=2

· FFS: X=3

The above agreement is related to total number of PDSCH codewords to be supported with multi-TRP transmission [1]. It has already been agreed to support up to 2 codewords that are scheduled by two PDCCHs from two TRPs. The total number of layers is not increased and is dependent up on the UE capability. It is FFS whether to extend this capability to support up to 3 codewords scheduled by three PDCCHs from three TRPs. 
The main motivation is to exploit further spatial multiplexing gains by utilizing up to 3 TRPs. In [2], it is shown quite significant gains when PDSCH is transmitted with 3 codewords from 3 TRPs. Although the gains are quite considerable, but some companies raise the issue that in order to schedule 3 codewords using 3 PDCCH from 3 TRPs, the UE complexity can be high as the number of blind decodes increase in comparison to 1 or 2 PDCCH transmission. However, to decode either two PDCCHs or three PDCCHs, there is not a significant difference because already in NR Rel. 15, multiple PDCCHs (such as DL assignment, UL assignment, SIB assignment, TPC, etc.) are required to be received by the UE. In order to receive 3 PDCCH from multi-TRPs for PDSCH scheduling, certain restriction related to the transmission of other PDCCH like SIB, UL, or TPC command in that slot would be required.
Other possible solution could be to use a combination of the concept of single and multiple PDCCH for three TRP case. In this solution, only two of the three TRPs transmit PDCCH to schedule three PDSCH codewords from three TRPs. One TRP uses single PDCCH to schedule two codewords for two TRPs, while one of the other TRP transmits PDCCH to schedule the third codeword from the corresponding TRP. 

Observation 1: For multi-TRP transmission, transmission of 3 codewords could be possible without increasing the UE complexity 
·  By restricting the transmission of other PDCCHs such as for UL assignment, SIB assignment, TPC, etc in that slot 
· By combining the concept of single and multiple PDCCH for three TRP case, where, only two of the three TRPs transmit PDCCH to schedule three PDSCH codewords from three TRPs
Proposal 1: For multi-TRP transmission, up to 3 total CWs in scheduled PDSCHs should be supported and following limitations should apply:

· Total number of transmitted layers should not exceed UE capability

· Number of layers/codeword should not exceed 4

· Each codeword is transmitted with different DMRS CDM group
PDSCHs resource scheduling with multiple PDCCH for non- ideal backhaul for eMBB

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, down-select one alternative from following in RAN1 96 

· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs

· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs

· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 

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

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

Other restrictions are not excluded, for example BWP switching

This agreement is related to how the time-frequency resources are scheduled for PDSCHs from different TRPs with non-ideal backhaul [1]. It should be noted that with non-ideal backhaul, dynamic coordination might not be possible between the TRPs. Few key points that have already been discussed related to PDSCH scheduling with multiple PDCCH for non-ideal backhaul are:

· Each TRP transmits PDSCH with separate CDM group and all the ports within the same CDM group have same TCI state. This is to ensure that the DMRS ports assigned to different TRPs are not QCL-ed

· One issue with such limitation is how to ensure that separate CDM groups are used by each TRP. According to current specifications, DCI signalling is used for DMR port indication table that assigns DMRS ports and consequently CDM group. With this existing signalling, TRPs can coordinate only dynamically to ensure that they assign separate CDM groups for their respective PDSCH transmission. This can be only possible in case of ideal backhaul. For non-ideal backhaul, some other solution is needed.

· Same DMRS configuration with respect to actual number of front-loaded DMRS symbol(s), the starting symbol of front-loaded DMRS, the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. The motivation here is to ensure orthogonality between DMRS ports from different TRPs and minimize the inter-TRP interference. 

· Although, these principles above can alleviate the interference between DMRS from different TRPs, but still the key issue of interference to the DMRS of one TRP from the data of the other TRP is not solved as shown in the figure 1 below. In addition to orthogonality between the DMRS from different TRPs, orthogonality between DMRS and data from different TRPs is also needed.
· Furthermore, it needs to be discussed if different combinations of PDSCH mapping types such as type A + type A, type A + type B, type B + type B are supported or not.
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Figure 1: Example of fully overlapping PDSCHs from two TRPs with same DMRS configuration type 1, same number of actual front-loaded DMRS symbols and same PDSCH mapping type A for both TRPs
In order to solve the aforementioned issues, following restrictions could be considered to allow orthogonal transmission between DMRSs from different TRPs and between DMRS and data from different TRPs for PDSCH transmission with multiple PDCCH:
· Network semi-statically configures each of the participating TRPs with specific CDM group

· Up to two TRPs can be configured for DMRS configuration type 1 and up to three TRPs can be configured for DMRS configuration type 2

· If the TRP is semi-statically configured with a CDM group, TRP assumes that there are other TRPs transmitting to the same UE as well and applies following set of rules for scheduling:

· For PDSCH mapping type A

1. Restriction on FDM between data and DMRS: No data is transmitted on DMRS symbol(s) on any of the CDM groups and therefore DMRS port indication table entries with only the indices that have number of CDM groups without data equal to maximum CDM groups for a given DMRS configuration type are used.

2. Restriction on dynamic configuration of maximum number of front-loaded DMRS symbol(s): Each TRP is semi-statically configured with the same number of front-loaded DMRS symbol(s) and it restricts the dynamic configuration of lower number of front-loaded DMRS symbol(s). 

· For PDSCH mapping type B

1. Restriction on FDM between data and DMRS: No data is transmitted on DMRS symbol(s) on any of the CDM groups and therefore DMRS port indication table entries with only the indices that have number of CDM groups without data equal to maximum CDM groups for a given DMRS configuration type are used.

2. Restriction on dynamic configuration of maximum number of front-loaded DMRS symbol(s): Each TRP is semi-statically configured with the same number of front-loaded DMRS symbol(s) and it restricts the dynamic configuration of lower number of front-loaded DMRS symbol(s). 

3. Restriction on starting symbol for PDSCH transmission: The first symbol of PDSCH transmission always coincides with either the first symbol of the configured front-loaded DMRS symbol(s) for PDSCH mapping type A or the first symbol(s) of configured 1st, 2nd or 3rd additional DMRS symbol(s) for PDSCH mapping type A.

4. Restriction of additional DMRS symbol(s): The additional DMRS symbol can only be transmitted if the first symbol of the additional DMRS symbol(s) for PDSCH mapping type B coincides with the first symbol of configured 1st, 2nd or 3rd additional DMRS symbol(s) for PDSCH mapping type A.

Based on the above restrictions, different combinations of PDSCH mapping types for partial/fully overlapping cases can be handled to allow orthogonal transmission between DMRS from different TRP and also orthogonal transmission between DMRS and data from different TRPs, as shown in figure 2(a)-2(b),  figure 3(a)-3(b) and figure 4(a)-4(b) below. 
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Figure 2(a): Example of fully overlapping PDSCHs from two TRPs with same DMRS configuration type 1, same number of actual front-loaded DMRS symbols and same PDSCH mapping type A for both TRPs with proposed solution
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Figure 2(b): Example of partially overlapping PDSCHs from two TRPs with same DMRS configuration type 1, same number of actual front-loaded DMRS symbols and same PDSCH mapping type A for both TRPs with proposed solution
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Figure 3(a): Example of fully overlapping PDSCHs from two TRPs with same DMRS configuration type 1, same number of actual front-loaded DMRS symbols and PDSCH mapping type A for TRP1 and PDSCH mapping type B for TRP2 with proposed solution
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Figure 3(b): Example of partially overlapping PDSCHs from two TRPs with same DMRS configuration type 1, same number of actual front-loaded DMRS symbols and PDSCH mapping type A for TRP1 and PDSCH mapping type B for TRP2 with proposed solution
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Figure 4(a): Example of fully overlapping PDSCHs from two TRPs with same DMRS configuration type 1, same number of actual front-loaded DMRS symbols and same PDSCH mapping type B for both TRPs with proposed solution
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Figure 4(b): Example of partially overlapping PDSCHs from two TRPs with same DMRS configuration type 1, same number of actual front-loaded DMRS symbols and same PDSCH mapping type B for both TRPs with proposed solution
Based on the above discussion, following observations and proposals should be considered:
Observation 2: For PDSCHs transmission from multi-TRP with multiple PDCCH using non-ideal backhaul, orthogonality between DMRS and data is as important as orthogonality between DMRSs.
Observation 3: For PDSCHs transmission from multi-TRP with multiple PDCCH using non-ideal backhaul, it is difficult to ensure either partial/full/no overlapping transmission because there is no dynamic coordination possible. 

Proposal 2: For PDSCHs transmission from multi-TRP with multiple PDCCH using non-ideal backhaul, partial/full/no overlap should be supported for both PDSCH mapping type A and type B.

Proposal 3: For PDSCHs transmission from multi-TRP with multiple PDCCH using non-ideal backhaul, all the transmitting TRPs should be semi-statically configured with separate CDM group number and if configured, at least following scheduling restrictions should be applied for partial/full/no overlap and UE support the operation only with such restrictions:
· All the participating TRPs are semi-statically configured with same DMRS configuration type, same number of front-loaded DMRS symbol(s) and same number of additional DMRS symbol(s)
· For PDSCH mapping type A

· No data is transmitted on DMRS symbol(s) on any of the CDM groups and therefore DMRS port indication table entries with only the indices that have number of CDM groups without data equal to maximum CDM groups for a given DMRS configuration type are used.

· Each TRP is semi-statically configured with the same number of front-loaded DMRS symbol(s) and it restricts the dynamic configuration of lower number of front-loaded DMRS symbol(s). 

· For PDSCH mapping type B

· No data is transmitted on DMRS symbol(s) on any of the CDM groups and therefore DMRS port indication table entries with only the indices that have number of CDM groups without data equal to maximum CDM groups for a given DMRS configuration type are used.

· Each TRP is semi-statically configured with the same number of front-loaded DMRS symbol(s) and it restricts the dynamic configuration of lower number of front-loaded DMRS symbol(s). 

· The first symbol of PDSCH transmission always coincides with either the first symbol of the configured front-loaded DMRS symbol(s) for PDSCH mapping type A or the first symbol(s) of configured 1st, 2nd or 3rd additional DMRS symbol(s) for PDSCH mapping type A.

· The additional DMRS symbol can only be transmitted if the first symbol of the additional DMRS symbol(s) for PDSCH mapping type B coincides with the first symbol of configured 1st, 2nd or 3rd additional DMRS symbol(s) for PDSCH mapping type A.
ACK/NACK feedback with multiple PDCCH for eMBB
Agreement

For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 

· Separate ACK/NACK payload/feedback for received PDSCHs is supported

· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback

· FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs
The above agreement is related to the transmission of ACK/NACK feedback for multiple received PDSCHs for eMBB [1]. It is already agreed to support separate transmission of ACK/NACK on corresponding PUCCH to each TRP. Other possibility that is FFS 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 4: For eMBB multi-TRP transmission, transmission of joint ACK/NACK feedback for multiple received PDSCHs could be considered only for ideal backhaul scenario.
2.2 Single PDCCH related enhancements for eMBB transmission

TCI state signalling

Agreement

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

According to this agreement, existing TCI field in DCI can be used to indicate TCI states for up to 2 TRPs. Although, this agreement is only applicable to eMBB, but in our understanding similar feature is necessary for URLLC as well and it should be extended for URLLC as well.

Proposal 5: TCI indication framework shall be enhanced in Rel-16 also for URLLC: 

· 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 

One of the remaining points related to this agreement is TCI signalling design for DMRS type 2 which has up to three CDM groups. For three CDM groups, three different QCL assumptions for three TRPs would need to be configured in MAC-CE. However, it is not necessary to utilize all three states using DCI if only one or two of the three CDM groups are actually used. This allows the possibility to still use DMRS type 2, but with less than three CDM groups.  For this purpose, some enhancements are needed for MAC-CE. In MAC-CE, not only the QCL assumptions for 3 CDM groups should be included but also the association with corresponding TRP IDs. This would be useful for the case when the number actually used CDM groups are less than the configured CDM groups and through TCI codepoint in DCI, the UE can get the information about multiple TCI states and the corresponding TRPs. 

Proposal 6: For TCI indication framework enhancement in Rel-16, DMRS type 2 should be supported, where 3 CDM groups are configured for three TRPs, but the actual number of transmitting TRPs could be less than 3.

· MAC-CE signalling should be enhanced to allow indication for up to three QCL assumptions for three TRPs and also the association to corresponding TRP Ids 
2.3 Multiple PDCCH related enhancements for URLLC
Scheduling of same TB transmission from different TRPs in URLLC
Agreement

For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings

· 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. 

· For further study:

· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.

· Whether to support mini-slot PDSCH repetitions 

· Signalling mechanism 

· Companies to consider how the schemes apply for FR1 and FR2

· Whether the number of repetitions can be larger than the number of TCI states (n)

· Further clarification for each scheme can be elaborated in RAN1 96 

· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations

· SFN transmission based on Rel-15 from multi-TRP with single TCI state

· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs

· Note that supporting multiple schemes in Rel-16 is not excluded.  

· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.

This agreement is related to the transmission of same TB from multiple TRPs to increase the reliability for URLLC [1]. One of the key discussion point is how to schedule the TB on time, frequency and/or spatial resources. For this purpose four schemes and some of related details are listed. Before discussing the details, it should be clarified whether the transmission of same TB from multiple TRPs is supported for either idea or non-ideal backhaul or both and also whether single or multiple PDCCH or either of both can be used. 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 needs to be discussed. 

Proposal 7: For multi-TRP specification support for URLLC, either of single PDCCH or 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 8: 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 supported and it could be allowed to combine one or more these schemes. Each scheme has its own benefit and could be utilized depending up on the resource availability for URLLC traffic and the corresponding channel conditions between each TRP and UE. Table 1 below list some benefits of each scheme. If restriction of scheduling scheme is not justified, then the scheduling scheme should be supported.

Table 1: Comparison of resource scheduling schemes for same TB transmission from multiple TRPs

	Schemes
	Benefits

	Scheme 1 

(SDM)
	More resource efficient and over the air combining for data symbols

	Scheme 2 

(FDM)
	Low latency and no spatial interference in comparison to scheme 1

	Scheme 3

(TDM within a slot)
	Narrow bandwidth required, also UE complexity is lower as no simultaneous reception is required and no spatial interference in comparison to scheme 1

	Scheme 4

(TDM between multiple slots)
	Useful when the transmission length is longer and more than one transmission cannot be accommodated within a single slot without overlap, also UE complexity is lower as no simultaneous reception is required and no spatial interference in comparison to scheme 1


Proposal 9: For multi-TRP specification support for URLLC, support all the four schemes and allow possible combination of one or more scheme for transmission of same transport block from multiple TRPs having ideal backhaul. 

· FFS: similar restrictions as for non-ideal case in terms orthogonal transmission between DMRS-DMRS and DMRS-data.
In addition to the resource allocation schemes, some further details need to be discussed or clarified as mentioned in the above agreement. First issues is related to MCS selection for the transmission of same transport block from multiple TRPs. This issue is more related to the channel quality between a given TRP and the UE and since the transmitting TRPs could be quite far apart so that corresponding channel links could be quite different. Therefore, it is reasonable to assume that the CSI would be different for each link and consequently different MCS selection could be possibly required. 

Proposal 10: For multi-TRP specification support for URLLC, selection of different MCS for the transmission of same transport block from different TRPs should be allowed.
·  No additional enhancement is needed to support this
Another discussion point is related to the number of repetitions and number of TCI states needed. In our understanding, the number of TCI states is more related to the number of TRPs that are transmitting instead of number of repetitions. It could be possible that one TRP is performing two repetitions and in this case still the number of TCI states is one for this TRP. Therefore, the earlier agreement related to TCI signalling enhancement is sufficient and no linkage between the number of repetitions and the number of TCI states is needed.

Observation 4: For multi-TRP,  the number of TCI states is only related to the number of TRPs that are transmitting instead of number of repetitions and it could be possible that one TRP is performing two repetitions and in this case still the required number of TCI states is one for this TRP.
The discussion related to PDSCH repetition within a slot has two dimensions. One dimension is number of repetitions per slot per TRP. According to current specifications, only one repetition per slot from a single TRP is supported. So if the intention is to enhance the number of repetitions within a slot per TRP, then similar discussion related to PUSCH has been on-going in the URLLC agenda item, which could also be applicable to PDSCH. In our opinion, in MIMO sessions, mini-slot PDSCH repetition from multiple TRPs is only within the scope of MIMO. If mini-slot PDSCH repetition from single TRP is to be supported, then the discussion should be done in the URLLC sessions or a possible combined session. From the point of view of mini-slot PDSCH repetition from multiple TRPs, it is quite necessary to be supported if any of the schemes 1 – 3 need to be supported. 

Observation 5: For multi-TRP specification support for URLLC, if any of resource allocation schemes 1-3 need to be supported, then mini-slot repetition for PDSCH from multiple TRPs should also be supported. 
Proposal 11: For URLLC enhancement related to the transmission of same transport block for PDSCH, if there seems to be a need to support mini-slot PDSCH repetition from a single TRP, then this discussion should be done in either URLLC session or a combined session between URLLC and MIMO.

Multiple PDCCH repetition
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 5 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 5: Example of repetition of multiple PDCCH transmission scheduling multiple PDSCH with same TB

Proposal 12: 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

PUCCH repetition with joint ACK-NACK feedback
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 6. 
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Figure 6: 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 7(a), joint decoding result is sent only on single PUCCH to TRP1, in Figure 7(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 7(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 7: Examples of PUCCH transmission with HARQ-ACK/NACK corresponding to same PDSCH transmission for URLLC with 2 TRPs
Proposal 13: For URLLC in Rel. 16 NR eMIMO with multi-TRP, transmission (repetition) of joint ACK-NACK feedback to all the TRPs should be supported. 
4
Conclusion 
Here we summarize the observations and proposals that have been presented in the sections above:
Multiple PDCCH related enhancements for eMBB
Observation 1: For multi-TRP transmission, transmission of 3 codewords could be possible without increasing the UE complexity 
·  By restricting the transmission of other PDCCHs such as for UL assignment, SIB assignment, TPC, etc in that slot 
· By combining the concept of single and multiple PDCCH for three TRP case, where, only two of the three TRPs transmit PDCCH to schedule three PDSCH codewords from three TRPs
Observation 2: For PDSCHs transmission from multi-TRP with multiple PDCCH using non-ideal backhaul, orthogonality between DMRS and data is as important as orthogonality between DMRSs.
Observation 3: For PDSCHs transmission from multi-TRP with multiple PDCCH using non-ideal backhaul, it is difficult to ensure either partial/full/no overlapping transmission because there is no dynamic coordination possible. 

Proposal 1: For multi-TRP transmission, up to 3 total CWs in scheduled PDSCHs should be supported and following limitations should apply:

· Total number of transmitted layers should not exceed UE capability

· Number of layers/codeword should not exceed 4

· Each codeword is transmitted with different DMRS CDM group
Proposal 2: For PDSCHs transmission from multi-TRP with multiple PDCCH using non-ideal backhaul, partial/full/no overlap should be supported for both PDSCH mapping type A and type B.

Proposal 3: For PDSCHs transmission from multi-TRP with multiple PDCCH using non-ideal backhaul, all the transmitting TRPs should be semi-statically configured with separate CDM group number and if configured, at least following scheduling restrictions should be applied for partial/full/no overlap and UE support the operation only with such restrictions:
· All the participating TRPs are semi-statically configured with same DMRS configuration type, same number of front-loaded DMRS symbol(s) and same number of additional DMRS symbol(s)
· For PDSCH mapping type A

· No data is transmitted on DMRS symbol(s) on any of the CDM groups and therefore DMRS port indication table entries with only the indices that have number of CDM groups without data equal to maximum CDM groups for a given DMRS configuration type are used.

· Each TRP is semi-statically configured with the same number of front-loaded DMRS symbol(s) and it restricts the dynamic configuration of lower number of front-loaded DMRS symbol(s). 

· For PDSCH mapping type B

· No data is transmitted on DMRS symbol(s) on any of the CDM groups and therefore DMRS port indication table entries with only the indices that have number of CDM groups without data equal to maximum CDM groups for a given DMRS configuration type are used.

· Each TRP is semi-statically configured with the same number of front-loaded DMRS symbol(s) and it restricts the dynamic configuration of lower number of front-loaded DMRS symbol(s). 

· The first symbol of PDSCH transmission always coincides with either the first symbol of the configured front-loaded DMRS symbol(s) for PDSCH mapping type A or the first symbol(s) of configured 1st, 2nd or 3rd additional DMRS symbol(s) for PDSCH mapping type A.

· The additional DMRS symbol can only be transmitted if the first symbol of the additional DMRS symbol(s) for PDSCH mapping type B coincides with the first symbol of configured 1st, 2nd or 3rd additional DMRS symbol(s) for PDSCH mapping type A.
Proposal 4: For eMBB multi-TRP transmission, transmission of joint ACK/NACK feedback for multiple received PDSCHs could be considered only for ideal backhaul scenario.
Single PDCCH related enhancements for eMBB
Proposal 5: TCI indication framework shall be enhanced in Rel-16 also for URLLC: 

· 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 
Proposal 6: For TCI indication framework enhancement in Rel-16, DMRS type 2 should be supported, where 3 CDM groups are configured for three TRPs, but the actual number of transmitting TRPs could be less than 3.

· MAC-CE signalling should be enhanced to allow indication for up to three QCL assumptions for three TRPs and also the association to corresponding TRP Ids 
Multiple PDCCH related enhancements for URLLC

Observation 4: For multi-TRP,  the number of TCI states is only related to the number of TRPs that are transmitting instead of number of repetitions and it could be possible that one TRP is performing two repetitions and in this case still the required number of TCI states is one for this TRP.
Observation 5: For multi-TRP specification support for URLLC, if any of resource allocation schemes 1-3 need to be supported, then mini-slot repetition for PDSCH from multiple TRPs should also be supported. 
Proposal 7: For multi-TRP specification support for URLLC, either of single PDCCH or multiple PDCCH should be supported to schedule the transmission of same transport block from different TRPs for at least ideal backhaul.
Proposal 8: 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 9: For multi-TRP specification support for URLLC, support all the four schemes and allow possible combination of one or more scheme for transmission of same transport block from multiple TRPs having ideal backhaul. 

· FFS: similar restrictions as for non-ideal case in terms orthogonal transmission between DMRS-DMRS and DMRS-data.
Proposal 10: For multi-TRP specification support for URLLC, selection of different MCS for the transmission of same transport block from different TRPs should be allowed.
·  No additional enhancement is needed to support this
Proposal 11: For URLLC enhancement related to the transmission of same transport block for PDSCH, if there seems to be a need to support mini-slot PDSCH repetition from a single TRP, then this discussion should be done in either URLLC session or a combined session between URLLC and MIMO.

Proposal 12: 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 13: 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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