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1 Introduction
In RAN1#95, the following agreement on multi-TRP transmission was achieved [1].

Agreement:
Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul

· For PDSCH/PUSCH where the same TB is transmitted including

· #1: the number of TRP/panel/beams

· #2: Configuration/indication mechanism of TB repetition

· Other enhancements are not excluded.

· For PDCCH/PUCCH

· #1: the number of TRP/panel/beams

· #2: Repetition/Diversity of DCI/UCI

· Other enhancements are not excluded.

FFS: Non-ideal backhaul case

Further agreement on repetition transmission for reliability enhancement for URLLC was achieved in RAN1 ad-Hoc meeting 1901 [2]:

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.

In this contribution, we provide our views on PDSCH/PDCCH/PUSCH/PUCCH enhancement using multi-TRP transmission. 
2 Reliability/robustness PDSCH transmission in Rel-15
In this section, two typical examples of PDSCH repetition transmission, which are already supported in Rel.15, are illustrated below.
· Rel-15 PDSCH time repetition

In Rel-15, the PDSCH repetition has been supported to improve PDSCH reliability but was limited to a single transmission layer. The number of repetitions can be configured by higher layer parameter aggregationFactorDL with candidate values of 2, 4, and 8. The PDSCH repetitions are transmitted across consecutive slots using the same symbol and frequency resource allocation. Moreover, the repetitions can be considered as automatic retransmissions since they are associated with a sequence of redundancy versions according to the RV index indicated by DCI and the default RV repetition pattern in Table 5.1.2.1-2 of 38.214 to allow soft combining of the PDSCH repetitions.  Furthermore, the repetitions are sent from the same TRP as shown in Figure 1.
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Figure 1: PDSCH repetition transmitted from the same TRP in Rel-15
· Diversity based transmission with same DMRS ports from different TRPs (supported transparently in Rel-15)

Alternatively, the PDSCH repetition can be implemented transparently in Rel-15 in the manner of diversity based. A straightforward way to achieve diversity based on multi-TRP/panel transmission is shown in Figure 2, which can be supported already in Rel-15 NR. In this scheme, multiple TRPs transmit exactly the same signal on the same time-frequency resource and it is transparent to the UE whether a received signal is from a single TRP or multiple TRPs. Moreover, TRP 1 and TRP 2 can perform pre-coding of respective PDSCH transmission but with cooperative scheduling decisions. Intuitively, two completely identical signals from two TRPs can provide diversity gain with enhanced signal power. However, such diversity gain largely depends on the transmission delays of two TRPs. Moreover, the combination of two signals may not necessarily obtain power enhancement. For example, under LOS channel, when the phases of two signals from the two TRPs/Panels have an offset of ½ wavelength, the two signals will be eliminated mutually.  
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Figure 2: A diagram of diversity based transmission scheme
3 Reliability/robustness enhancement with multi-TRP/panel/beam transmission
3.1 PDSCH
Multi-TRP/panel transmission can enhance channel reliability significantly. In this section, we provide an overview on how cooperative transmission from multiple TRPs/panels with ideal backhaul can provide data transmission with improved reliability. 

· Scheme 1: Spatial domain TB repetition transmission with different DMRS ports and RVs from different TRPs
An enhanced diversity based transmission scheme can be obtained by extending the design of diversity-based transmission introduced in section 2. In scheme 1, the UE may receive copies of the same TB from different TRPs, which may be applied to different redundancy versions (RVs) by using different DMRS port(s) as shown in Figure 3. Besides, the scrambling sequences can also be different for PDSCHs from two TRPs. For convenience, the data streams receive by the UE can be interpreted as different repetitions of the same TB. In scheme 1, they are received jointly at the same time-frequency resources and the UE can combine them at the physical layer, using HARQ-like combining operation, which can provide coding gain from repetition.
Compared to the Rel-15 PDSCH time repetition scheme, the scheme 1 obviously can benefit from spatial diversity as the TB repetitions are received from different TRPs. In an addition, scheme 1 has lower latency as the TB repetitions are transmitted at the same time. Moreover, resource utilization is more efficient as the time-frequency resources that transmitting the repeated TBs are fully-overlapped in the scheme 1. 
However for the same reason (fully overlapped resources) the performance may be limited by inter-layer interference especially at BLER level of 10-5. Therefore, scheme 1 is more suitable for scenarios with large packet size or the NW with medium/high RU, e.g. Rel-15 enabled use case with reliability requirement of 10-3 and packet size of 4K/10K.
Observation 1: The scheme of spatial domain TB repetition transmission may be more suitable for scenarios with relatively large packet size of URLLC data transmission or NW with medium/high RU.
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Figure 3: A diagram of spatial domain TB repetition transmission scheme
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Figure 4 Reliability gain of scheme 1 over Rel-15 baseline
As a supporting, the SLS results of scheme 1 over the Rel-15 PDSCH time repetition are shown in Figure 4. In both low traffic and high traffic cases, the scheme 1 outperforms than the Rel-15 repetition scheme at the BLER region from 10-4 – 10-6. At typical URLLC reliability requirement of 99.999%, they achieved 8% and 24% gain respectively. The detailed simulation assumptions can be referred to our company paper [3].
· Scheme 2: Frequency domain TB repetition transmission 

As an alternative scheme for reliability enhancement, different TRPs in scheme 2 are transmitting different repetition of the same TB simultaneously to a UE where time-frequency resources of each data stream are frequency multiplexed, as illustrated in figure 5. Similar to scheme 1, each TB in the scheme 2 can apply different RVs, scrambling sequence and/or DMRS ports etc. Moreover, the HARQ-like combining between different repetitions of the same TB is performed at the physical-layer to obtain the coding gain as well. 
Compared to the Rel-15 PDSCH time repetition scheme, the scheme 2 can benefit from spatial domain diversity as well with lower latency. Moreover, as different repetitions of TBs are transmitting in non-overlapped time-frequency resources, there will be no inter-layer interference. However, the resource utilization efficiency of the scheme 2 is lower than scheme 1. Each TRP can only schedule data transmission in partial band, and TRPs need to perform muting over PRBs which are used by other TRPs. With PRB muting, power boosting can be applied to further improve the reliability. 
The scheme 2 may be more suitable for a small packet size of URLLC data transmission to avoid a trade-off between MCS/coding rate and resource utilization efficiency. For example, larger packet size may need more frequency resources, which means more muted PRB if applying the scheme 2, and more intense resource allocation competition among URLLC/eMBB UEs. Similarly, if reserved/used resource allocation are common among scheme 1 and scheme 2, the MCS/coding rate may be higher in scheme 2. Therefore, the scheme 2 is more suitable for scenarios that the packet size is relatively small with high reliability, e.g. factory automation with reliability of 10-6 with packet size of 32 bytes.
Observation 2: The scheme of frequency domain TB repetition transmission maybe more suitable for scenarios with relatively high reliability and small packet size of URLLC data transmission.
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Figure 5: A diagram of frequency domain TB repetition transmission scheme
· Scheme 3: Time domain TB repetition transmission within a slot

The procedure of scheme 3 is shown in figure 6 that the same TB is repeated and transmitted from different TRPs in different sets of OFDM symbols within a slot. This scheme can be considered as mini-slot based repetition within a slot.  Different RVs can be used in different repetitions and the HARQ-like combining can be performed.  Moreover, different scrambling sequences and/or DMRS ports can be used. As the slot-based PDSCH time repetition is already supported in Rel-15, Scheme 3 can be considered as an enhancements on the repetition within a slot to reduce latency, and improve reliability due to spatial diversity.  

Observation 3:  Scheme 3 can be considered as mini-slot based PDSCH repetition which is flexible and efficient to support time domain TB repetition within a slot. 
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Figure 6: A diagram of time domain TB repetition transmission scheme where repetitions are within a slot
· Scheme 4: Time domain TB repetition transmission with K different slots
As discussed briefly above, similar to the Rel-15 PDSCH time repetition, different repetitions of the same TB in scheme 4 (shown in figure 7) are received in different slots and combined HARQ-like soft combining, where different RVs, DMRS ports, scrambling sequences can be applied per repetition. The main difference compared to Rel-15 is that repetitions can be transmitted from different TRPs to obtain spatial diversity gain. 
Spatial diversity gain from different TRPs can be fully exploited by scheme 4 to serve some challenging URLLC scenarios, for example mini-slot repetition or less reliable channel knowledge at the NW due to mobility or channel blockage of moving obstacles. For those scenarios, determining the best serving TRP and associated scheduling may not be precise enough so that multi-TRP spatial diversity can be an effective mean for some URLLC services. 
Schemes 4 can be categorized as TDM-based TB repetition from multiple TRPs. A TDM-based scheme is suitable for FR2, as a time gap is required for beam switching in FR2 to resist channel blockage. Moreover, it can be considered as a unified scheme for both FR1 and FR2.  As the slot-based PDSCH time repetition is already supported in Rel-15, scheme 4 is attractive due to very limited standards effort compared to Rel-15. 

Observation 4: The scheme of time domain TB repetition transmission with K different slots using multiple TRPs may be more beneficial with URLLC services with less reliability channel knowledge and FR2 with severe channel blockage, having limited specification effort.
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Figure 7: A diagram of time domain TB repetition transmission scheme where repetitions are across K slots
Based on above discussion, schemes can improve the reliability of PDSCH for different URLLC services and deployment scenarios, with own advantages and limitations. It may be up to the NW to determine the best scheduling strategy for a given scenario by considering many factors including coordination TRPs, T/F/S/P resource utilization, URLLC requirements, network loading, co-existence of eMBB/URLLC users, and etc. It can be also beneficial to clarify further the potential application scenario and details of each scheme before the down-selection. 
Proposal 1: Support at least PDSCH repetition of schemes 1 and 4 with slot based repetition, and scheme 3 with mini-slot based repetition within the slot. Each repetition is associated with one TCI, one RV and one DMRS port whilst repetitions use common MCS. 

3.2 PDCCH

· Repetition/diversity of DCI
To achieve the overall system reliability, the reliability of not only data channel but also control channel should be considered. Similar to PDSCH reliability improvement, spatial diversity from multiple TRP transmissions combined with PDCCH repetition can be used to improve the PDCCH reliability. Figure 8 illustrates the PDCCH repetition scheme using multiple TRPs, where the repetition can be transmitted at the same or different times. The later can be considered as an extension of PDCCH time repetition scheme discussed in URLLC session using multiple TRPs. PDCCH repetitions sent from multiple TRPs using multiple CORESETs configured with different TCI states can be considered. 
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Figure 8: PDCCH repetition transmitted from different TRPs at the same or different times
A link level evaluation for PDCCH repetition scheme from multiple TRPs, compared with the Rel-15 baseline, i.e. a PDCCH transmission without repetition from a single TRP, is provided in [3]. The performance of the PDCCH repetition from multiple TRPs, each repetition with lower AL, is compared with that of Rel-15 scheme using a higher AL, to have the same number of total CCEs for both schemes. In the repetition scheme, both with and without soft combining are considered. The results shows that due to spatial diversity, steeper slopes are observed for multiple TRP cases, compared with the baselines. Moreover, the repetition from multiple TRPs with soft combining outperforms the single TRP transmission scheme. Besides, PDCCH repletion without soft combining performs worse than the single TRP transmission scheme, though having the steeper slope. 
Observation 5: With the same number of total CCEs, PDCCH repetition BLER curves with lower AL using multiple TRPs with and without soft combining have steeper slope than those with the higher AL PDCCH without repetition, due to spatial diversity. Moreover, the repetition with soft combining can outperform that without soft combining and the higher AL PDCCH without repetition. 

From the above observation, we have the following proposal.
Proposal 2: Rel-16 supports PDCCH repetition over multiple TRPs/panels/beams
· PDCCH repetition using multiple TRPs over the same and different times can be considered.  

· PDCCH repetition with soft combining at UE can be considered for PDCCH reliability enhancement.
· Mechanism for PDCCH repetition with soft combining
PDCCH soft-combining:

As aforementioned, in order to obtain the advantages of the PDCCH repetition, soft-combining of the different transmissions from multiple TRPs at UE can be considered. To reduce complexity of blindly PDCCH soft-combinations, some restrictions on the repetition scheme should be considered, e.g., repetitions are always done with the same AL and the same frequency resources. 

The following three aspects should be considered in PDCCH soft combining:

(1) When UE needs to combine the PDCCHs: The UE-specific DMRS for PDCCH can be used to detect the existence of a PDCCH. Before the PDCCH is decoded successfully, UE may buffer the corresponding candidate for later soft combining. Though, the DMRS may be orthogonal/non-orthogonal to those of other UEs, the soft combining should be allowed. This is because for URLLC high ALs are common, resulting in a large number RBs (e.g. with AL 8, there are 8 CCEs or 48 RBs), and such large number of RBs should give enough accumulated energy to detect DMRS with high probability.   
 (2) Which PDCCHs are to be combined:  The UE should know where the PDCCH starts and how many repetitions are transmitted. For example, if only the current and the previous PDCCH candidates are to be combined, then the UE only needs to buffer one PDCCH transmission.  In another case, if the current and all previous PDCCH candidates are to be combined, then the UE would have to buffer all PDCCH transmissions in the worst case. Hence, there are different simplified schemes with different trade-offs between the performance and the occupied PDCCH buffer size/UE processing complexity. The PDCCHs candidate for combination can be received within the same slot. 
 (3) How to control the number of required blind detections: 
First of all, an example of blind detection complexity analysis is illustrated in Figure 9. There are 2 PDCCH candidates in each occasion and PDCCH repetition is configured over the 2 occasions. In Figure 9a), without soft-combining, the UE would perform 4 BDs at the worst case. However, in Figure 9b), when PDCCH soft-combining is enabled, 4 extra decoding operations may be needed, where every candidate in the first occasion is combined with every candidate in the second occasion.
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Figure 9: BD analysis for PDCCH repetition. 
To reduce the number of blind detections, possible combinations of blind decoding during the PDCCH monitoring occasions can be pre-defined. There are trade-offs between scheduling flexibility, and required number of blind decoding. For example, it can be specified, e.g., to map the PDCCHs which are supposed to be soft-combined onto the same candidate index in both occasions. This method is illustrated in Figure 10a) where the maximum number of required BDs is decreased to 6. This value can be further reduced by dropping some PDCCH candidates. It is illustrated in Figure 10b) where only the first PDCCH candidate is soft-combined across the two occasions.
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Figure 10: BD analysis for PDCCH repetition with standardization method
From the examples, it can be seen that there are various feasible methods to reduce the number of required blind decodings.
Proposal 3: To support PDCCH repetition over multiple TRPs/panels/beams, pre-defined rules/configurations can be used to reduce the number of BD and to assist soft combining PDCCH repetitions. 
· The number of TRP/panel/beams
Although PDCCH repetition is a single DCI scheme, but considering control channel resources and UE behaviours of a time/CORESET/TRP repetition scheme, the PDCCH repetition is similar to a multiple DCI scheme. Therefore, to align with the number of DCIs reflecting the number of TRP/panel/beams as in NCJT, in our opinion, the number of TRP/panel/beams for PDCCH repetition is 2, unless it can show significant gains with more than 2. 

Proposal 4: For PDCCH repetition over multiple TRPs/panels/beams, the number of TRPs/panels/beams per BWP is 2, unless more than 2 can show significant gain
3.3 PUSCH

In Rel-15, PUSCH repetition based on slot aggregation has already been supported, where the same time and frequency resource allocation indicated in DCI is used in consecutive slots. Besides, the same precoder is applied across the repetitions. To further improve the reliability/robustness of PUSCH repetition, multiple precoders could be supported for both codebook based and non-codebook based PUSCH slot aggregation as shown in Figure 11.
[image: image12.png]slot-1 slot-2
P1 PO

aggregationFactorUL = 4

slot-3




Figure 11: Precoder cycling based PUSCH slot aggregation
Proposal 5: Rel-16 supports PUSCH repetition over multiple TRPs/panels/beams using multiple precoders 

3.4 PUCCH

Similar to PUSCH, a spatial diversity offered by multiple TRPs/beams/panels may be benefits for PUCCH as well. Further study on how to indicate spatial information for PUCCH repetitions can be considered. 
3.5 PDCCH and PDSCH pair
Apart from improving the reliability and robustness of PDCCH and PDSCH separately, via repetition scheme, it is also possible to perform repetition of the PDCCH and PDSCH pair. One way to do it, is via repetition in time which is suitable for FR2, where a UE needs time to retune its receiving beams if they are for different directions (e.g. for different TRPs).  With the PDCCH and PDSCH pair, the UE can tune its received beam to receive one of the pairs, and re-tune to another beam to receive another repeated pair. This is done instead of having to re-tune its beams to receive multiple PDCCH repetitions from multiple TRPs, and separately again re-tune its beams to receive PDSCH repetitions from multiple TRPs. Moreover, the PDCCH can carry its index, and if the earlier one is missed, and the UE only detects the 2nd one, the UE can recoup back the missed PDSCH which is paired with the missed PDCCH, providing higher reliability for PDSCH, and indirectly enhancing the PDCCH reliability as well (i.e. if at least one PDCCH is received, the successful PDCCH repetition is obtained).   
4 Conclusion
This contribution provides our views on reliability/robustness transmission of PDCCH/PUSCH/PUCCH using multiple TRP transmission. In summary, the following observation and proposals are made. 
Observation 1: The scheme of spatial domain TB repetition transmission may be more suitable for scenarios with relatively large packet size of URLLC data transmission or NW with medium/high RU.
Observation 2: The scheme of frequency domain TB repetition transmission maybe more suitable for scenarios with relatively high reliability and small packet size of URLLC data transmission.
Observation 3:  Scheme 3 can be considered as mini-slot based PDSCH repetition which is flexible and efficient to support time domain TB repetition within a slot. 
Observation 4: The scheme of time domain TB repetition transmission with K different slots using multiple TRPs may be more beneficial with URLLC services with less reliability channel knowledge and FR2 with severe channel blockage, having limited specification effort.
Observation 5: With the same number of total CCEs, PDCCH repetition BLER curves with lower AL using multiple TRPs with and without soft combining have steeper slope than those with the higher AL PDCCH without repetition, due to spatial diversity. Moreover, the repetition with soft combining can outperform that without soft combining and the higher AL PDCCH without repetition. 
Proposal 1: Support at least PDSCH repetition of schemes 1 and 4 with slot based repetition, and scheme 3 with mini-slot based repetition within the slot. Each repetition is associated with one TCI, one RV and one DMRS port whilst repetitions use common MCS. 
Proposal 2: Rel-16 supports PDCCH repetition over multiple TRPs/panels/beams
· PDCCH repetition using multiple TRPs over the same and different times can be considered.  

· PDCCH repetition with soft combining at UE can be considered for PDCCH reliability enhancement.
Proposal 3: To support PDCCH repetition over multiple TRPs/panels/beams, pre-defined rules/configurations can be used to reduce the number of BD and to assist soft combining PDCCH repetitions. 
Proposal 4: For PDCCH repetition over multiple TRPs/panels/beams, the number of TRPs/panels/beams per BWP is 2, unless more than 2 can show significant gain
Proposal 5: Rel-16 supports PUSCH repetition over multiple TRPs/panels/beams using multiple precoders 
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