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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introductions 
Following objectives on multi TRP enhancement is captured in agreed WID [1] for NR MIMO.
	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
[bookmark: _Hlk46917176]a) Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline.


UL and DL channels can benefit from multi-TRP transmission as well as multi-panel reception by leveraging spatial diversity to improve the performance, e.g. reliability of transmission in case of unpredictable blockage in some links between TRPs and panels of UE especially in FR2. In this contribution, we discuss potential enhancements of PDCCH, PUSCH and PUCCH with link level simulations where applicable.
Enhancement for PDCCH
Transmission schemes for PDCCH enhancement
Three transmission schemes of multi-TRP based on SDM, FDM, TDM were agreed in Rel-16 to improve PDSCH reliability, where the PDSCH could be scheduled by single DCI. However, the PDCCH scheduling the PDSCH is associated with only one TCI state of CORESET, in the case of severe path loss due to the blockage, PDCCH decoding performance will degrade significantly and thus degrading the PDSCH performance as well. 
Considering the similarity between PDSCH and PDCCH from multi-TRP transmission and reception perspective (e.g. resource mapping in time and frequency domain, channel estimation based on DMRS, supporting soft bits combine and etc.), those schemes specified for M-TRP/M-Panel PDSCH transmission in Rel-16 can also be considered for PDCCH enhancement. Furthermore, when we discuss about PDCCH enhancement, all related aspects such as CORESET, search space, and CCE, REG bundle, aggregation level etc. should be considered. We will analyze the pros and cons of different schemes including the relevant parameters/components in the following sub-sections.
SDM based PDCCH transmission
SDM based PDCCH transmission, which can also be considered as SFN based transmission, where PDCCH is transmitted with two TCI states within the single slot assuming there are two TRPs, with fully overlapped time and frequency resource allocation. Similar transmission schemes for MTRP PDSCH was also discussed in Rel-16. However, some of the options considered for MTRP PDSCH transmission do not make sense in MTRP PDCCH transmission since there is no multi-layer transmission and definition of RV. SDM based PDCCH transmission can be defined as: one transmission occasion is one PDCCH with single DMRS port associated with two TCI state indices, where data transmission of PDCCH reuse legacy design  and DMRS of PDCCH can be QCLed with two TRS . Another advantage of SFN scheme is that for HST PDSCH transmission such scheme would be specified in Rel-17. Compatible design between PDCCH and PDSCH would facilitate the corresponding receiver implementation. 
SDM(SFN) based PDCCH transmission may has small  spec impact compared to other schemes and is compatible to PDSCH design in HST scenarios.
FDM based PDCCH transmission
In FDM based PDCCH transmission, one PDCCH is transmitted with two TCI states within a single slot assuming transmission from two TRPs, with full-overlapping in time domain and non-overlapping in frequency domain. There are two options on AL and CCE mapping can be considered:
Option1: the configured AL corresponds to total number of CCEs for multi TRP transmission where one PDCCH is mapped on all CCEs.
Option2: the configured AL corresponds to the number of CCEs per TRP, and each TRP transmits same PDCCH separately.
In option1, the PDCCH after polar coding is mapped on CCEs and then the CCEs are mapped to different TRPs with a rule, which is not a repetition scheme. UE receives different data segments which are from different TRPs and then decodes PDCCH. Frequency domain as well spatial domain diversity gain can be exploited, however the rule of CCE-to-REG mapping scheme should be studied considering these factors of CCE\REG Bundle\ whether interleaving enabled or not. 
REG Bundle structure
	CORESET
	Time domain
	Frequency domain

	
	
	REG Bundle<6
	REG Bundle=6

	1 symbol
	1
	2
	6

	2 symbol
	2
	1
	3

	3 symbol
	3
	1
	2



In the case of interleaving disabled, the REG bundle size equals to 6 REGs or 1 CCE. When AL>1, a simple rule is to assign each CCE or REG bundle size to different TRP, for instance, the odd REG bundle index are mapped to TRP1 while the even REG bundle index are mapped to TRP2, which keep same resource allocation between two TRPs. However, this doesn’t work for AL=1.
In the case of interleaving enabled, the REG bundle size can be {2, 3, 6}. The resources of PDCCH can be mapped to two TRPs with the granularity of REG bundle size, e.g. the odd REG bundle mapped to TRP1 while the even REG bundle mapped to TRP2. 
Besides, the parameter precoderGranularity in CORESET can be configured as sameAsREG-bundle or allContiguousRBs. When configured as allContiguousRBs, UE can perform channel estimation over DMRS in the full CORESET. However, one PDCCH is mapped to two TRPs in option1, UE cannot assume precoder granularity of allContiguousRBs. 
FDM based PDCCH transmission with joint encoding across TRPs does not support AL=1 and the granularity of precoding based on wideband.  
In option2, the aggregation level (AL) is configured per TRP, thus the PDCCH is repeatedly transmitted from two TRPs, UE receives two PDCCHs to decode separately or decoding jointly by combining soft bits to improve performance. In general, the gNB selects AL based on channel quality, e.g. small AL in good channel condition and large AL in bad channel condition. Since UE possibly carries out soft bits combining in option2, different AL values may introduce potential problem in polar decoding. Hence, same AL value shall be assumed.  
If UE can perform soft combining, FDM based PDCCH transmission of option2 should be configured same AL values.
TDM based PDCCH transmission 
TDM based transmission means PDCCH is transmitted with two TCI states within single slot or across multiple slots, with non-overlapped in time domain resources. Compared to FDM schemes which only support maximum number of repetitions is 2, TDM based transmission can support more repetitions to improve the performance of PDCCH, on the contrary, it also increases the latency of PDCCH decoding. UE needs to receive the last PDCCH occasion to decode successfully in some cases. 
The information of SLIV indicating the position of corresponding PDSCH is carried by DCI, when multiple PDCCH repetition in time domain indicates same PDSCH, the value of SLIV is different on PDCCH occasions which results into different contents of the PDCCH, therefore, UE cannot combine soft bits to improve decoding the performance. One potential way to handle this issue is to carry same SLIV values in all occasions and the UE interprets SLIV based on one PDCCH occasion, e.g. the first or last occasion. 
Another advantage for TDM scheme is for the scenarios where simultaneous reception from multi-TRP is not feasible. For example in FR2, there are UEs that does not support simultaneous reception of multi-QCL D signals. For such scenarios, TDM repetition may be needed to reduce the probability of blockage.
TDM scheme is appliable for the scenarios where more repetition is needed and where simultaneous reception from multi-TRP is not feasible.
Moreover, combination of SDM and TDM based schemes or FDM and TDM based schemes can also be considered, e.g. first FDM then TDM transmission. It is more flexible and strikes the balance between the low latency and reliability under fixed repetition number.
Configuration for search space and CORESET
Following four alternatives on search space ID and CORESET ID mapping can be considered in PDCCH enhancement: 
Alt1: One Search Space ID mapped to one CORESET ID with Multi-TCI states.
Alt2: One Search Space ID mapped to Multi-CORESET ID with respective TCI state.
Alt3: Multi-Search Space ID mapped to one CORESET ID with Multi-TCI states
Alt4: Multi-Search Space ID mapped to corresponding CORESET ID with different TCI state
More discussion on above alternatives is needed and different schemes may prefer different option. For example, for SDM based PDCCH, since data of PDCCH is transparent to UE, a simple mapping scheme of search space ID and CORESET ID is preferred, alternative 1, one SS ID mapping to one CORESET ID with Multi-TCI states is the starting point.
Different mapping of TCI states to SS and CORESET can be investigated to facilitate design of different repetition schemes. 
Simulation for PDCCH enhancement
To compare the performance of the above schemes, we evaluated SDM scheme of Opt3, FDM scheme of Opt1 and Opt2 and assumed the repetition number is 2. Because TDM scheme has same performance with FDM scheme of Opt2, so the curves of BLER of TDM scheme do not appear in the following figures. We also simulated the blockage model agreed for URLLC in Rel-16 with the 10% probability of blockage and 10dB path loss due to blockage. Other parameters and assumption can refer to the Table 2 in appendix.
[image: ][image: ]
[image: ]
PDCCH transmission in two TRPs with CDL-A, delay spread=20ns 
In Figure 1, “PL0dB” and “PL6dB” denote the path loss between two TRPs in wireless channel model; “SFN” denotes SDM scheme of Opt3 and assume small delay CDD (CP/8) in second TRP to improve the performance.  “JointEncoding” denotes FDM scheme of Opt1 and “SeparateEncoding” denotes FDM scheme of Opt2. And nominal AL denotes actual aggregation level of PDCCH in SFN scheme and FDM scheme of Opt1, while a half of nominal AL in FDM scheme of Opt2 to keep same overhead of resources. 
Since SFN scheme consumes double power of gNB comparing with single TRP scheme or FDM scheme, so the curves of SFN has shift 3dB in figure.
The results show that these enhancement schemes have similar performance and have larger advantages than single TRP.
PDCCH enhancement based on SFN\FDM\TDM in two TRPs has similar performance in case of blockage. 
 PDSCH repetition scheduled by enhanced PDCCH
Repetition of PDSCH and PUSCH has already been supported in Rel-15 and Rel-16, including PDSCH transmission indicated by one TCI state in single slot or multi-slots with repetition number>1 in Rel-15,  PDSCH transmission indicated by two TCI states in single slot or multi-slots with repetition number>=2 in Rel-16,  PUSCH transmission indicated by single spatial relation information in single slot or multi-slots with repetition number>1 in Rel-15 and extended in multi-repetitions with repetition number>1 in Rel-16. 
PDCCH enhancement for multi-TRP deployment is raised in Rel-17, on the one hand it can leverage the diversity from multi-TRPs to improve the PDCCH coverage, on the other hand, it can cope with the inconstant blockages especially in FR2 where per panel of UE is associated to one TRP with narrow beam. This contribution concerns PDCCHs configured by USS SearchSpace set other than CSS set, we will take PDSCH into account to analyze the use cases.

d)
c)
b)
a)

                         
Four use cases of PDSCH transmission in two TRPs
Both single PDCCH and corresponding PDSCH transmitted are from same TRP in Figure 2.a) and single PDCCH and corresponding PDSCH transmitted are from separate TRP in Figure 2.b), where PDSCH can be certainly configured with repetition scheme supported in Rel-15. From UE’s perspective, both Figure 2.a) and Figure 2.b) are transparent, the only difference is that the TCI state indicated in DCI is different. For the sake of PDCCH reliability, we suggest both two cases are included in the scope of Rel-17.
Figure 2.c) shows single PDCCH scheduling one PDSCH with aim of reliability. Three schemes based on SDM, FDM or TDM can achieve the objective and the code point for PDSCH is configured two TCI states indicated by DCI. There is a potential risk that once PDCCH encounter blockage in the link, the performance of PDCCH will turn into a bottleneck resulting in unsuccessful reception of PDSCH. To acquire better robustness, PDCCH enhancement and PDSCH enhancement should implemented together in real network. Therefore, PDCCH enhancement for the use case of Figure 2.c) should be included in the scope of Rel-17.
Figure 2.d) shows Multi-DCI each scheduling respective PDSCH from separate TRP to perform NCJT. When UE is configured two different CORESET pool index, UE receives two PDSCHs scheduled by two PDCCHs, where PDCCH1 is associated to CORESET with pool index0 and PDCCH2 is associated to CORESET with pool index1. If we further study that both PDSCH1 and PDSCH2 can transmit same TB, meanwhile, both DCI1 and DCI2 carry same HARQ ID, the reliability of PDCCH and PDSCH can be acquired simultaneously, no matter whether UE is configured two different CORESET pool index or not. We suggest the further study for Figure 2.d) should also be included in the scope of Rel-17.
The reliability of PDCCH and PDSCH can be acquired simultaneously through multi-DCI based repetition.
Support flexible scheduling of PDSCH and PUSCH repetition from single or multiple-TRP with enhanced PDCCH in Rel-17.
Support multi-DCI PDCCH reliability enhancement in Rel-17.

Enhancement for PUSCH
The objective is to enhance PUSCH reliability in multiple TRP deployment, for instance two TRPs assuming ideal backhaul, PUSCH soft bits combining or joint MIMO detection at gNB can improve UL performance. Rel-16 URLLC supports inter-slot PUSCH repetition (repetition>1) which is known as Type A and inter-repetition known as Type B. Rel-17 PUSCH enhancement can be built up on the framework of Type A and Type B repetition specified in Rel-16.  
Rel-16 URLLC Type A and Type B PUSCH transmission can be starting point for PUSCH reliability enhancement in Rel-17.
In FR1, it can be assumed that omni-directional antenna is implemented at UE and multiple antennas may be relatively isolated in different locations of UE, while two adjacent TRPs can receive uplink signal from UE at the same time, which achieves spatial diversity for PUSCH reception. In codebook-based UL transmission, gNB may jointly determine optimal TPMI matching channels of both TRPs and perform joint MIMO detection, which is transparent to UE, meanwhile, this TPMI can be associated to an SRS resource that is not configured with any spatial relation information. Therefore, for the case of FR1 in ideal backhaul scenario, the reliability of PUSCH can be guaranteed.
In FR2, antenna panels with directional transmission is typically implemented at the UE, thus one TRP may only receive UL signal from one panel of the UE, which means the precoding is suitable for one antenna panel which may not be suitable for another panel. It should be noted that simultaneously multi panel transmission in UL is not in scope of Rel-17 FeMIMO.
TDM repetition is considered as the major optimization target in Rel-17 MTRP PUSCH repetition enhancement.
With regards to how to schedule by DCI for PUSCH enhancement, S-DCI based scheduling and M-DCI based scheduling can be considered for PUSCH repetition transmission from multiple panels. Three options can be considered in M-DCI based PUSCH transmission as shown in Figure 3.a), b) and c). 
Two DCI schedule two PUSCHs in Figure 3.a), the second PUSCH (marked in green) can be regarded as a retransmission of first PUSCH (marked in red) scheduled by the first DCI. To reduce the latency of transmission, the base station can transmit the second DCI as long as transmission of the last occasion of first PUSCH is completed regardless whether the first PUSCH is decoded successfully or not.
The scheduling pattern in Figure 3.a) can support PUSCH repetition with different panels, which is supported in current specification.
The difference between Figure 3.b) and Figure 3.a) is that the second DCI is received by UE before transmission of the first PUSCH repetition occasion which can reduce the latency between first and second PUSCH in the case of consecutive four uplink slots assigned. Following is captured in 38.214: “The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1 or 0_2 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process”, which means the scheduling pattern in option2 is not supported in current spec. 
The option2 scheduling pattern in Figure 3.b) is not supported in current specification. 
Yet another option3 is shown in Figure 3.c). The first PUSCH (marked in red) and second PUSCH (marked in green) are transmitted with cyclic pattern in option3 whereas the first and second PUSCH are transmitted with sequential pattern in option2. In current spec, the configured repetition of PUSCH must be allocated in consecutive uplink slots in Type A or consecutive uplink symbols in Type B, and certain coordination is required, e.g. TB size alignment due to difference in MCS indication by two DCIs, the spatial relation information in each repetition etc. When total number of repetitions is 2, the first PUSCH and second PUSCH is transmitted only one time, in this case there is no difference between Figure 3.c) and Figure 3.b). 


a) Option1


b) Option2


c) Option3
Options for enhanced M-DCI based PUSCH transmission
Two options can be considered in S-DCI based PUSCH transmission.


a) Option1: S-DCI based sequential pattern for PUSCH transmission


b) Option2: S-DCI based cyclic pattern for PUSCH transmission
Options for S-DCI based enhanced PUSCH transmission
The difference between Figure 4.a) and Figure 4.b) is the spatial relation information in different occasion. Similar to PDSCH repetition pattern based on TDM in Rel-16 can be starting point for TDM based PUSCH repetition. For example, for Type A PUSCH repetition enhancement in Rel-17, RRC configuration of the spatial relation information with each repetition occasion, such as ‘sequenticalMapping’ for option1 and ‘cyclicMapping’ for option2 can be considered.
Compared to M-DCI based scheme, S-DCI based scheme can reduce the overhead of DCI, but some extension maybe needed to dynamically adapt two channel links associated to different panel and TRP. The path loss between two channel links could be different, but same MCS and time and frequency resources allocation indication in S-DCI is preferable, due to: 
Different MCS, TDRA and FDRA indication will increase payload significantly, 
Keeping same principle of PDSCH repetition based on S-DCI in Rel-16,
The closed power control can use same MCS as target to eliminate the effect of path loss difference. 
It is preferred not to design a completely new DCI format to support S-DCI based scheme. However, some indication fields may require reconsideration as how to indicate SRI, TPMI etc. in PUSCH repetition transmission from different UE panels. For example, different precoding (TPMI) for different links should be considered without significantly increasing the payload.  
Support M-DCI based PUSCH repetition across M-TRP in Rel-17.
For S-DCI based PUSCH repetition across M-TRP, further study PUSCH transmission schemes without significantly increasing DCI overhead.

Enhancement for PUCCH
Background
NR Rel-15 defines five PUCCH formats carrying UCI from 1 bit to hundreds of bits to satisfy different BLER targets depending on the UCI types such as ACK/NACK, SR, BFR-SR, and CSI, and also to meet the various requirements on feedback delay and coverage. In order to further enhance the coverage, PUCCH repetition was adopted for PUCCH format 1, 3, or 4, where the number of slots for PUCCH repetition is configured by higher layer parameter. To exploit frequency diversity, frequency hopping can be configured within a slot or across slots when the inter-slot PUCCH repetition is configured. One of the major features of NR PUCCH is the beam-based transmission in FR2. Spatial relations for PUCCH resources are configured by higher layer and one out of the configured spatial relations is activated by MAC CE command for one PUCCH resource or a PUCCH resource group, which tells a UE the specific spatial domain transmission filter used for a PUCCH transmission.
In Rel-16, sub-slot configuration for PUCCH was supported to realize more than one PUCCH for HARQ-ACK transmission within a slot, and simultaneous construction of more than one HARQ-ACK codebooks intended for supporting different service types for a UE.
PUCCH repetition enhancement in time domain
For a UE operating in MTRP, PUCCH repetitions transmitting towards different TRPs would like to avoid possible blockage between any TRP and the UE as the probability of all of links between TRPs and the UE can be reduced significantly. Since it is a matter of dealing with blockage rather than coverage, the repetition should be allowed for all PUCCH formats instead of PUCCH repetition only for long PUCCH in Rel-15.
[bookmark: _Hlk47379708][bookmark: _Hlk47379941][bookmark: _Hlk47379842]To see the benefits of PUCCH repetition in MTRP scenarios, we conduct preliminary evaluations for both PUCCH format 1 and PUCCH format 3. The results are shown in Figure 5 and Figure 6 respectively. Blockage is modeled as independent blockage per-TRP of 10dB loss with probability 0.1. For PUCCH format 1, 2-bit UCI in a PUCCH resource of 1 PRB and 4 symbols with intra-slot frequency hopping is transmitted with four repetitions alternatively to two TRPs. Approximately 6dB and 3dB gain at 1% BER are achieved with 0dB and 6dB pathloss gap between the two TRPs respectively. For PUCCH format 3, both 20-bit UCI and 60-bit UCI in a PUCCH resource of 4 PRBs and 10 symbols with four repetitions to two TRPs are evaluated. We also test the receiver algorithms of both combining of the four received repeated signals and independent detection of each repetition in which the PUCCH is successfully received if any of the PUCCH repetition is correctly received. For both UCI payloads and both receiver algorithms, about 8dB and 6dB gain at 1% BLER can be observed with 0dB and 6dB pathloss gap between the two TRPs respectively. Independent detection of the repetitions has about 1dB to 2 dB BLER loss than that of repetition combining. Other parameters and assumption can refer to the Table 3 in appendix.
[image: ][image: ]
[bookmark: _Ref47378846]Preliminary results for PUCCH format 1
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[bookmark: _Ref47379021]Preliminary results for PUCCH format 3
For PUCCH format 1, 2-bit UCI of a PUCCH (1 PRB, 4 symbols) with four repetitions to two TRPs has approximately 6dB and 3dB gain at 1% BER for 0dB and 6dB pathloss gap between the two TRPs respectively compared to single-TRP PUCCH repetitions. 
For PUCCH format 3, both 20-bit UCI and 60-bit UCI in a PUCCH (4 PRBs, 10 symbols) with four repetitions to two TRPs has about 8dB and 6dB gain at 1% BLER for 0dB and 6dB pathloss gap between the two TRPs respectively compared to single-TRP PUCCH repetitions.
Configuring PUCCH repetition should be specified in Rel-17. Inter-slot PUCCH repetition supported in Rel-15 can be a start point, whether dynamically change the number of repetitions should be investigated and decided. For the services require low feedback latency, intra-slot PUCCH repetition is also needed besides inter-slot repetition. One way could be like what happens to PUSCH by signal the first transmission resource and derive the consequent transmission resources. Anyhow, minimum specification impact on top of Rel-16 PUCCH is highly desired for reliability and robustness enhancement for PUCCH using multiple TRPs. We should try to reuse the PUCCH features and configurations such as PUCCH resource set, frequency hopping, repetition, spatial relations and power controls. For example, sub-slot configuration for PUCCH, where the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot and a PUCCH resource is confined within each sub-slot, can be a candidate unit of repetition for intra-slot PUCCH repetition. In this way, intra-slot PUCCH repetition would be straightforwardly supported by replacing the slot with sub-slot in the already supported inter-slot PUCCH repetition.
Support PUCCH repetitions for all PUCCH formats and both inter/intra-slot PUCCH repetition.
Determination of PUCCH resources for repetitions, signaling of number of PUCCH repetitions should be studied.
Spatial relation for PUCCH repetitions
As PUCCH repetitions are to be transmitted towards different TRPs, the spatial relation of each PUCCH repetition should correspond to different TRPs. To realize mapping different spatial relations to multiple PUCCH repetitions, the network would need to configure the PUCCH resource ready for repetition with more than one spatial relation, and define the mapping pattern between the activated spatial relations and PUCCH repetitions just like what has been done to multiple TDMed PDSCH transmission occasions in Rel-16. Existing PUCCH spatial relation activation MAC CE can be updated to support this feature, e.g., by simply removing the restriction that “only a single PUCCH Spatial Relation Info can be active for a PUCCH Resource at a time”. Moreover, the default spatial relation assumption for multiple PUCCH repetitions should be determined when the spatial relation of a PUCCH resource is not configured.
Specify the configuration, activation of spatial relations of PUCCH resources for PUCCH repetitions.
Power control for PUCCH repetitions
Another issue is power control of each PUCCH repetition towards different TRPs. For single-TRP transmission scenario specified in Rel-15, a UE determines the transmission power for a PUCCH transmission occasion based on the open-loop parameters including beam-specific pathloss and closed-loop power adjustment, where P0 set, pathloss reference RS set and closed-loop adjustment state set for PUCCH are configured by RRC, spatial relation indication is carried by MAC CE, and the linkage between PUCCH power control parameters and MAC CE field are also configured by RRC. Once a PUCCH spatial relation indication is activated, the corresponding PUCCH power control parameter P0, pathloss reference RS and closed-loop adjustment state will be determined. In addition, closed-loop power adjustment for a PUCCH transmission is indicated by the TPC command value included in a dedicated DCI, e.g., DCI format 1_0 or DCI format 1_1, or a group-common DCI, i.e., DCI format 2_2.
For more than one PUCCH transmission in Rel-16 MTRP scenario, it is not reasonable to just use one set of power control parameters for all PUCCHs. Since the PUCCH transmissions to different TRPs would experience unequal pathloss and distinct beamforming gain. Independent power control parameters for PUCCHs for different TRPs are needed to cope with different channel conditions. In addition, to align with current PUCCH power control framework, using different PUCCH spatial relation indications to indicate different PUCCH power control parameters for different PUCCH transmissions should be supported. 
For TPC command carried by DCI format 1_0/1_1, as discussed above, the association between PUCCH and CORESET can be used to indicate which PUCCH closed-loop power control shall be applied. However, for TPC command carried by DCI format 2_2, PUCCH transmissions to different TRPs can apply different TPC commands by different closed-loop adjustment states. Based on above principles, different PUCCH transmissions can implement independent closed-loop power controls.
[bookmark: _Hlk47082537]For multi-TRP transmission, support independent power controls for PUCCH transmissions to different TRPs.
The same situation exists for PUCCH repetitions towards different TRPs. What’s more, the open-loop power control parameters which are potentially different for the two TRPs need to be identified and configured for the PUCCH. At the same time, different closed-loop power controls may be needed for two TRPs as well.
For PUCCH transmission in MTRP, support independent power controls for a single PUCCH transmission and PUCCH repetitions to different TRPs.

Conclusions
1. 
1.1. 
In this contribution, we discuss potential enhancements of PDCCH, PUSCH and PUCCH with link level simulations where applicable. We have following observations and proposals:
1. SDM(SFN) based PDCCH transmission may has small  spec impact compared to other schemes and is compatible to PDSCH design in HST scenarios.
1. FDM based PDCCH transmission with joint encoding across TRPs does not support AL=1 and the granularity of precoding based on wideband.  
1. If UE can perform soft combining, FDM based PDCCH transmission of option2 should be configured same AL values.
1. TDM scheme is appliable for the scenarios where more repetition is needed and where simultaneous reception from multi-TRP is not feasible.
1. PDCCH enhancement based on SFN\FDM\TDM in two TRPs has similar performance in case of blockage. 
1. The reliability of PDCCH and PDSCH can be acquired simultaneously through multi-DCI based repetition.
1. The scheduling pattern in Figure 3.a) can support PUSCH repetition with different panels, which is supported in current specification.
1. The option2 scheduling pattern in Figure 3.b) is not supported in current specification. 
1. For PUCCH format 1, 2-bit UCI of a PUCCH (1 PRB, 4 symbols) with four repetitions to two TRPs has approximately 6dB and 3dB gain at 1% BER for 0dB and 6dB pathloss gap between the two TRPs respectively compared to single-TRP PUCCH repetitions. 
1. For PUCCH format 3, both 20-bit UCI and 60-bit UCI in a PUCCH (4 PRBs, 10 symbols) with four repetitions to two TRPs has about 8dB and 6dB gain at 1% BLER for 0dB and 6dB pathloss gap between the two TRPs respectively compared to single-TRP PUCCH repetitions.

1. [bookmark: _GoBack]Different mapping of TCI states to SS and CORESET can be investigated to facilitate design of different repetition schemes. 
1. Support flexible scheduling of PDSCH and PUSCH repetition from single or multiple-TRP with enhanced PDCCH in Rel-17.
1. Support multi-DCI PDCCH reliability enhancement in Rel-17.
1. Rel-16 URLLC Type A and Type B PUSCH transmission can be starting point for PUSCH reliability enhancement in Rel-17.
1. TDM repetition is considered as the major optimization target in Rel-17 MTRP PUSCH repetition enhancement.
1. Support M-DCI based PUSCH repetition across M-TRP in Rel-17.
1. For S-DCI based PUSCH repetition across M-TRP, further study PUSCH transmission schemes without significantly increasing DCI overhead.
1. Support PUCCH repetitions for all PUCCH formats and both inter/intra-slot PUCCH repetition.
1. Determination of PUCCH resources for repetitions, signaling of number of PUCCH repetitions should be studied.
1. Specify the configuration, activation of spatial relations of PUCCH resources for PUCCH repetitions.
1. For PUCCH transmission in MTRP, support independent power controls for a single PUCCH transmission and PUCCH repetitions to different TRPs.

References
[bookmark: _Ref47740750][bookmark: _Ref40458732][bookmark: _Ref40458707]RP-193133, “New WID: Further enhancements on MIMO for NR”, Samsung, RAN#86.


Appendix
Link-level simulation parameters and assumptions for PDCCH enhancement
	Parameter
	Value

	Carrier frequency for evaluation
	30 GHz

	Channel model
	CDL-A (delay spread: 20 ns) as in 38.901 

	UE speed
	3 km/h

	BS antenna configuration
	2 Tx/2 Rx antenna ports 
(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (2.0, 4.0)λ
The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.

	UE antenna configuration
	2 Tx/2 Rx antenna ports
(M, N, P, Mg, Ng) = (2, 4, 2, 1, 1)
(dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ

	CORESET
	96PRB ,2 symbols

	Payload 
	52+24(CRC)=76bits

	AL
	4,8,16

	Interleaving
	disabled

	REG bundling size
	6

	Precoding assumptions
	2-port precoding cycling with REG bundling size

	Receiver assumption
	Soft bits combing for separate encoding with repetition number=2

	Channel estimation
	Practical

	Receiver type
	MMSE



Link-level simulation parameters and assumptions for PUCCH enhancement
	Parameter
	Value


	Carrier frequency for evaluation
	30 GHz

	Channel
	CDL-A (2Tx, 2Rx), delay spread 20ns

	BWP size
	52 PRBs (format 1), 24 PRBs (format 3)

	Waveform
	CP-OFDM

	SCS
	120 kHz

	BS antenna configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (2.0, 4.0)λ

	UE antenna configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 1)
(dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ

	UE speed
	3km/h

	Angles
	The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.

	PUCCH resource
	Format 1: 1 PRBs, 4 Symbols
Format 3: 4 PRBs, 10 Symbols
With intra-slot hopping

	Num of PUCCH bits
	2 bits for format 1, 20/60 bits for format3

	Repetition number
	4

	Detect method
	Combined, Independent

	Path loss between 2TRPs
	0dB, 6 dB

	Blockage modeling
	Independent blockage per-TRP of 10dB loss with probability 0.1 from the first repetition to the end



image3.emf
-15 -10 -5 0 5 10

SNR

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

P-blockage=10%, Nominal AL=16

single TRP

SFN-PL0dB

SFN-PL6dB

JointEncoding-PL0dB

JointEncoding-PL6dB

SeparateEncoding-PL0dB

SeparateEncoding-PL6dB


image4.emf

Microsoft_Visio_Drawing.vsdx

image5.emf
Repetition Type A

Slot #n

Slot #n+3

Slot #n+1

beam0

beam1

DCI1

DCI2

Slot #n+4

beam0

beam1

Slot #n+2

beam1


Microsoft_Visio_Drawing1.vsdx
Repetition Type A
Slot #n
Slot #n+3
Slot #n+1
beam0
beam1
DCI1
DCI2
Slot #n+4
beam0
beam1
Slot #n+2
beam1



image6.emf
Repetition Type A

Slot #n

Slot #n+1

Slot #n+2

beam0

beam1

DCI2

Slot #n+2

beam0

beam1

DCI1


Microsoft_Visio_Drawing2.vsdx
Repetition Type A
Slot #n
Slot #n+1
Slot #n+2
beam0
beam1
DCI2
Slot #n+2
beam0
beam1
DCI1



image7.emf
Repetition Type A

Slot #n

Slot #n+1

Slot #n+2

beam0

beam1

DCI2

Slot #n+2

beam0

beam1

DCI1


Microsoft_Visio_Drawing3.vsdx
Repetition Type A
Slot #n
Slot #n+1
Slot #n+2
beam0
beam1
DCI2
Slot #n+2
beam0
beam1
DCI1



image8.emf
Repetition Type A

Slot #n

Slot #n+1

Slot #n+2

beam0

beam1

Slot #n+2

beam0

beam1

DCI


Microsoft_Visio_Drawing4.vsdx
Repetition Type A
Slot #n
Slot #n+1
Slot #n+2
beam0
beam1
Slot #n+2
beam0
beam1
DCI



image9.emf
Repetition Type A

Slot #n

Slot #n+1

Slot #n+2

beam0

beam1

Slot #n+2

beam0

beam1

DCI


Microsoft_Visio_Drawing5.vsdx
Repetition Type A
Slot #n
Slot #n+1
Slot #n+2
beam0
beam1
Slot #n+2
beam0
beam1
DCI



image10.emf
-24 -22 -20 -18 -16 -14 -12

SNR (dB)

10

-3

10

-2

10

-1

10

0

B

E

R

PUCCH format 1, UCI=2bits, Pathloss gap=0dB

1TRP

2TRP


image11.emf
-20 -18 -16 -14 -12 -10 -8

SNR (dB)

10

-3

10

-2

10

-1

10

0

B

E

R

PUCCH format 1, UCI=20bits, Pathloss gap=6dB

1TRP

2TRP


image12.emf
-26 -24 -22 -20 -18 -16 -14 -12 -10

SNR (dB)

10

-3

10

-2

10

-1

10

0

B

L

E

R

PUCCH format 3, UCI=20bits, Pathloss gap=0dB

1TRP-combined

2TRP-combined

1TRP-independent

2TRP-independent


image13.emf
-24 -22 -20 -18 -16 -14 -12 -10 -8 -6

SNR (dB)

10

-3

10

-2

10

-1

10

0

B

L

E

R

PUCCH format 3, UCI=20bits, Pathloss gap=6dB

1TRP-combined

2TRP-combined

1TRP-independent

2TRP-independent


image14.emf
-24 -22 -20 -18 -16 -14 -12 -10 -8 -6 -4

SNR (dB)

10

-3

10

-2

10

-1

10

0

B

L

E

R

PUCCH format 3, UCI=60bits, Pathloss gap=0dB

1TRP-combined

2TRP-combined

1TRP-independent

2TRP-independent


image15.emf
-22 -20 -18 -16 -14 -12 -10 -8 -6 -4

SNR (dB)

10

-3

10

-2

10

-1

10

0

B

L

E

R

PUCCH format 3, UCI=60bits, Pathloss gap=6dB

1TRP-combined

2TRP-combined

1TRP-independent

2TRP-independent


image1.emf
-10 -5 0 5 10 15

SNR

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

P-blockage=10%, Nominal AL=4

single TRP

SFN-PL0dB

SFN-PL6dB

JointEncoding-PL0dB

JointEncoding-PL6dB

SeparateEncoding-PL0dB

SeparateEncoding-PL6dB


image2.emf
-15 -10 -5 0 5 10

SNR

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

P-blockage=10%, Nominal AL=8

single TRP

SFN-PL0dB

SFN-PL6dB

JointEncoding-PL0dB

JointEncoding-PL6dB

SeparateEncoding-PL0dB

SeparateEncoding-PL6dB


