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1. Introduction
In RAN#80 meeting, a new WI on MIMO enhancement was approved [1]. In RAN#81 meeting, the WID was revised [2] and following objective is included in the WI.
	· [bookmark: _Hlk525119109][bookmark: _Hlk525222585]Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI



In this contribution, we discuss the enhancements on multi-TRP/panel transmission in Rel-16, including the multi-TRP/panel enhancement for non-coherent joint transmission and multi-TRP enhancement for URLLC.

2. Multi-TRP/panel enhancement for non-coherent joint transmission 
2.1 Performance evaluation of multi-panel transmission
In this section, system level simulation is performed to evaluate the performance of multi-panel transmission. Detailed evaluation assumptions are shown in appendix Table A-1. Cell average spectral efficiency and 5% edge UE spectral efficiency are evaluated as the metrics. In the simulation, two BS antenna configurations are used, and following five cases are evaluated with corresponding illustrations shown in Figure 2-1.
For BS antenna configuration 1 (M,N,P,Mg,Ng) = (4,8,2,1,2),
· Case 1: Single-panel Tx for a UE; 1 CSI feedback for single-beam transmission per UE; 1 panel for reception at UE
· Case 2: Multi-panel Tx for a UE; 1 CSI feedback for multi-beam joint transmission per UE; 2 panel for reception at UE
For BS antenna configuration 2 (M,N,P,Mg,Ng) = (4,8,2,2,2),
· Case 3: Single-panel Tx for a UE; 1 CSI feedback for single-beam transmission per UE; 1 panel for reception at UE
· Case 4: Multi-panel Tx for a UE; 1 CSI feedback for multi-beam joint transmission per UE; 2 panel for reception at UE
· Case 5: Multi-panel Tx for a UE; 3 CSI feedback (2 for single-beam transmission and 1 for multi-beam joint transmission) per UE; 2 panel for reception at UE
· The 3 CSIs are used to support dynamic scheduling between single-beam transmission from single TRP/panel and multi-beam joint transmission from multiple TRPs/panels
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Fig. 2-1 Examples of five simulation cases.
For the five cases, the evaluation results of cell average spectral efficiency and 5% edge UE spectral efficiency are shown in Figure 2-2. The evaluation results of rank distribution are summarized in Figure 2-3. Compared with Case 1/3, Case 2/4 with multi-beam joint transmission for a UE can increase both cell average and cell edge performance in multi-panel scenario. The cell average performance gain is about 11%-16%, and the edge UE performance gain is about 22%-23%. In addition, Case 2/4 can enable higher rank transmission than Case 1/3. 
Comparing Case 4 and Case 5, it is observed that multiple types of CSI feedback in Case 5 increases cell average performance but reduces cell edge performance in multi-panel scenario. In Case 5, as the gNB can decide to schedule one UE with joint transmission from two panels simultaneously, or to schedule two different UEs with single-beam transmission, the performance of Case 5 should be better than Case 4 due to more flexible scheduling. However, when gNB schedules two different UEs for two panels, the beams from these two panels are selected dynamically based on scheduling, which means that the selected beams from two panels will have variable inter-panel/inter-beam interference. In that case, the reported CSI for single-beam transmission may be not aligned with the realistic CSI for data reception. Especially when the reported CSI of single-beam is high while the scheduled single-beam suffers large inter-panel interference from the selected beam from the other panel, the over-estimated MCS will make performance decrease. In the simulation, the edge UEs largely suffer from inter-panel interference. That’s why edge UE performance is decreased in Case 5. To further improve the performance of Case 5, more appropriate gNB beam pairing with low inter-beam/inter-panel interference, or enhanced CSI feedback considering accurate inter-beam/inter-panel interference can be considered.
 
Fig. 2-2 Spectral efficiency for multi-panel transmission.

Fig. 2-3 Rank distribution for multi-panel transmission.

[bookmark: OLE_LINK5]Observation 2-1:
· Joint transmission from multiple beams can increase cell edge and cell average performance.
· Joint transmission from multiple beams can support higher rank transmission.
· Multiple CSI feedback without proper inter-beam/inter-panel interference measurement in multi-panel scenario can increase cell average performance but reduce cell edge performance.

2.2 Main target scenario for multi-TRP/panel
Even though both ideal and non-ideal backhaul are included in the WID, we believe ideal backhaul is more important and has clear use case. As shown in Figure 2-4, ideal backhaul between multiple TRPs can enable spatial diversity gain, higher rank transmission, and increased LOS probability. On the other hand, non-ideal backhaul will increase the complexity of multi-TRP coordination and limit the performance gain bright by multi-TRP coordination. In addition, NR network has large possibility to be deployed with optical fiber backhaul in the future. Therefore, we think ideal backhaul should be prioritized over non-ideal backhaul in NR Rel-16 multi-TRP/panel discussion.
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Fig. 2-4 Main target scenario for multi TRP/panel.

Observation 2-2:
· Ideal backhaul is the main target scenario for multi-TRP/panel.
Proposal 2-1: 
· NR Rel-16 discussion should prioritize ideal backhaul over non-ideal backhaul for multi-TRP transmission.

2.3 Discussion on backhaul assumption for multi-TRP transmission
In the agreed WID, both ideal and non-ideal backhaul should be supported. The definition of ideal backhaul is clear as almost zero latency and very large backhaul capability can be assumed between TRPs. However, the definition of non-ideal backhaul is not clear and should be clarified first. For different assumptions of non-ideal backhaul, the technical solutions and potential enhancements may be different.
For non-ideal backhaul, there is no need to support very large latency. In LTE [3], the categorization of non-ideal backhaul based on operator inputs is shown in Table 2-1 below. However, the deployment for NR may be different from LTE NW. In that case, the assumption of non-ideal backhaul should be further discussed. At least some down-selection from Table 2-1 with low latency assumption can be considered. For non-ideal backhaul, dual connectivity for multi-TRP could be applied with separate MAC entities across TRPs. Hence, RAN 2/3 should take care of dual connectivity between TRPs/gNBs.
Table 2-1: Categorization of non-ideal backhaul in LTE [3]
	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber Access 1
	10-30ms 
	10M-10Gbps
	1

	[bookmark: _Hlk340808864]Fiber Access 2
	5-10ms
	100-1000Mbps
	2

	Fiber Access 3
	2-5ms
	50M-10Gbps
	1

	DSL Access
	15-60ms
	10-100 Mbps
	1

	Cable 
	25-35ms
	10-100 Mbps
	2

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	1



Proposal 2-2:
· For multi-TRP with non-ideal backhaul, NR Rel-16 should discuss and determine the assumption of non-ideal backhaul first before further technical discussion for multi-TRP transmission.

2.4 Discussion on related agreement made in Rel-15
[bookmark: _Hlk525226606]In Rel-15 early stage, multi-TRP/panel was discussed, and some agreements has been made. The related Rel-15 agreements are summarised in appendix. Generally speaking, the Rel-15 agreements are aligned with WID for Rel-16 multi-TRP/panel enhancement. However, as discussed above, discussion on ideal backhaul should be prioritized over non-ideal backhaul. In addition, we should carefully decide how much latency of non-ideal backhaul to be supported first before further technical discussion. On the other hand, it is better to avoid redundant discussion and unnecessary working effort. Therefore, we propose that Rel-15 agreements related to multi-panel/TRP should be discussed again after non-ideal backhaul assumption is defined.

Proposal 2-3:
· Rel-15 agreements related to multi-panel/TRP should be discussed again after non-ideal backhaul assumption is determined.

2.5 Potential DL control signalling enhancement
To support non-coherent joint transmission from multiple DL beams in multi-TRP/panel scenario, at least following DL control signaling enhancement should be considered.

(1) DCI enhancement
To schedule PDSCHs from multiple TRPs/panels, following alternatives can be studied for PDCCH.
· Alt. 1: Single DCI schedules PDSCHs from multiple TRPs/panels
· Alt. 2: Multiple DCIs schedule multiple PDSCHs from multiple TRPs/panels
[bookmark: _Hlk525733253]
For ideal backhaul or non-ideal backhaul with very low latency, Alt. 1 works well with low signaling overhead. The single DCI should be enhanced to support indication of multiple DMRS information, QCL information, rate matching information, and/or resource allocation for multiple PDSCHs. To keep the existing DCI format, for each state of corresponding DCI field, RRC can configure multiple sets of parameters for multiple TRPs/panels. In that case, a state of a DCI field can indicate information, e.g, rate matching information, for multiple PDSCHs from multiple TRPs/panels. To support dynamic scheduling between single TRP/panel transmission and multi-TRP/panel transmission, both multiple sets of parameters for multiple TRPs/panels and single set of parameters for signal TRP/panel should be configured for each corresponding DCI field.
For non-ideal backhaul with large latency, Alt. 2 may be needed considering loose coordination among TRPs. Independent DCIs can be used to schedule multiple PDSCHs from multiple TRPs/panels to avoid frequent information exchange between TRPs. In that case, CORESET configuration for multiple DCIs should be discussed. The number and complexity of UE blind detection for multiple DCIs will be increased. And it becomes more complicated to support dynamic scheduling between single DCI for single TRP/panel transmission and multiple DCIs for multi-TRP/panel transmission. Therefore, in Alt. 2, CORESET configuration for multiple DCIs and UE’s PDCCH detection behavior should be carefully designed.
Whether to support either one of the alternatives or both alternatives is related to the determined assumption of non-ideal backhaul in multi-TRP scenario. Since ideal backhaul is the main target scenario for multi-TRP/panel, at least Alt. 1 should be supported.

(2) CSI enhancement
To support joint transmission from multiple TRPs/panels, suitable Tx-Rx beam pair from each TRP/panel should be selected for high frequency. If beam management is performed for each TRP/panel individually, the selected beams from each TRP/panel individually do not consider inter-beam interference In addition, the overhead of beam measurement and reporting would be high, and the latency of beam management procedure would be large.. Therefore, a combination of multiple beams from multiple TRPs/panels (one beam from one TRP/panel) can be transmitted simultaneously for beam measurement and reporting. The new measurement and reporting of L1-SINR/L1-RSRQ for a combination of multiple beams can be further studied, as discussed in our companion contribution [4].
Similarly, for CSI reporting in multiple TRPs/panels, inter-beam interference from multi-TRP/panel should be taken into account. NZP CSI-RS based interference measurement defined in NR Rel-15 can be reused for inter-beam interference measurement in multi-TRP/panel in NR Rel-16. However, how to configure CSI-RS from multiple TRPs and how to support multiple types of interference hypothesis measurement for a channel measurement should be further discussed.

Proposal 2-4:
· To support non-coherent joint transmission in multi-TRP/panel, NR Rel-16 should study the DCI enhancement of following two alternatives based on determined assumption of non-ideal backhaul. At least Alt. 1 should be supported in Rel. 16.
· Alt. 1: Single DCI schedules PDSCHs from multiple TRPs/panels
· Further study the indication of DMRS information, QCL information, rate matching information, and/or resource allocation for multiple PDSCHs by single DCI
· Alt. 2: Multiple DCIs schedule multiple PDSCHs from multiple TRPs/panels
Proposal 2-5:
· To support non-coherent joint transmission in multi-TRP/panel, NR Rel-16 should study the CSI enhancement, including
· Configuration and L1 measurement/reporting of a combination of multiple beams transmitted from multiple TRPs/panels simultaneously
· Configuration and CSI measurement to support multiple types of interference hypothesis measurement from multiple TRPs

2.6 Potential UL control signalling enhancement
For ideal backhaul or non-ideal backhaul with very low latency, UCI feedback, e.g., A/N and CSI, for multiple TRPs/panels can be reported to one TRP/panel only. Then the UCI information can be shared with other TRPs/panels via ideal backhaul. However, for non-ideal backhaul with large latency, UCI feedback for different TRPs should be reported to each TRP individually to avoid frequent information exchange between TRPs with large latency. In case of UCI reporting to different TRPs, we should further discuss whether to support simultaneous multiple UL beams transmission or TDMed UL beam transmission from a UE.
Whether to support UCI reporting to one TRP/panel or multiple TRPs/panels is related to the determined assumption of non-ideal backhaul in multi-TRP scenario. Since ideal backhaul is the main target scenario for multi-TRP/panel, at least Alt. 1 should be supported.

Proposal 2-6:
· NR Rel-16 should study UCI reporting of following two alternatives based on determined assumption of non-ideal backhaul. At least Alt. 1 should be supported in Rel. 16.
· Alt. 1: UCI for multiple DL TRPs/panels is reported to one TRP/panel 
· Alt. 2: UCI for different DL TRPs/panels is reported to corresponding TRP/panel

3. Multi-TRP enhancement for URLLC
3.1	General views
URLLC is one of the attractive new use-cases in 5G. In order to meet the stringent requirements of latency and reliability, various solutions are under investigation. Among them, we are interested in the use of multiple TRPs to harvest more diversity gains. Figure 3-1 illustrates a concept of multiple TRP for URLLC. In Rel.15 NR, PDSCH/PUSCH/PUCCH repetitions are supported. In the Rel.16 SI for PHY eURLLC, PDCCH repetition is to be studied. Multiple TRPs can be combined with them; in particular, precoder/QCL/SRI-cycling across repetition offers the spatial diversity gain by using multiple TRPs.
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Fig. 3-1	Repetitions combined with multiple TRP.

Figure 3-2 shows cumulative distribution functions (CDFs) of DL/UL SINR in indoor hotspot with K serving TRPs for each UE at 4GHz and 30GHz. Detailed simulation assumptions are summarized in appendix Table A-2. Here, it is assumed that the repetitions with the factor K are transmitted from/received at K TRPs, and the repetitions are combined at the receiver. Two cases are assumed: (1) for each repetition from/to one of K TRPs, remaining (K-1) TRPs are serving to the other UE, and (2) for each repetition from/to one of K TRPs, remaining (K-1) TRPs are muting. As seen in the results, with larger value of K, the DL/UL SINR especially for lower CDF region increases. This exhibits that repetition over multiple TRPs offers macro diversity gain and hence improves spectral efficiency and coverage.
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(a) DL SINR @ 4GHz					(b) DL SINR @ 30GHz
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(a) UL SINR @ 4GHz					(b) UL SINR @ 30GHz
Case (1) for each repetition from/to one of K TRPs, remaining (K-1) TRPs are serving to the other UE
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(a) DL SINR @ 4GHz					(b) DL SINR @ 30GHz
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(a) UL SINR @ 4GHz					(b) UL SINR @ 30GHz
Case (2) for each repetition from/to one of K TRPs, remaining (K-1) TRPs are muting
Fig. 3-2	DL/UL SINR CDF in indoor hotspot with K TRPs serving to a UE

Observation 3-1:
· Use of multiple TRPs is quite beneficial to improve reliability/efficiency of DL/UL transmissions
· By combining this with repetitions, substantial gain is obtained
· FFS specification impacts for precoder/QCL/SRI-cycling over repetitions by using multiple TRPs

3.2	PDCCH repetition over multiple TRPs
For Rel.16 NR URLLC, PDCCH repetition is studied. One of the key points to maximize the benefit of PDCCH repetition is to combine it with multiple TRP operation. These aspects motivated us to evaluate the performance of PDCCH repetition over multiple TRPs and give our proposal.
Figures 3-3 to 3-5 show simulation results of PDCCH repetition over multiple TRPs, and its simulation assumption is presented in appendix Table A-3. In this simulation, repetitions across multiple TRPs is modelled simply by precoder-cycling across repetitions. At the receiver, two ways of handling repetitions are considered; one is soft combining, the other is selection (i.e., decoded individually and if at least one is correctly decoded, the PDCCH is considered as successfully received). Here, we compare BLER performance of AL4+4 (soft combining), AL4+4 (selection), and AL8, in various scenarios.
Firstly, we compare the performance for different DCI payloads for following scenarios:
· Scenario 1: DCI=40 [bits], Delay spread=30 [ns], Number of TX antennas=2, Number of RX antennas=4
· Scenario 2: DCI=60 [bits], Delay spread=30 [ns], Number of TX antennas=2, Number of RX antennas=4
· Scenario 3: DCI=80 [bits], Delay spread=30 [ns], Number of TX antennas=2, Number of RX antennas=4

[image: ][image: ]
(a) Scenario 1				(b) Scenario 2
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(c) Scenario 3
Fig. 3-3	BLER performances of PDCCH repetitions with 4 RX antennas (Delay spread=30 [ns]).

The results indicate that the BLER performances of 2 repetitions using AL=4 with soft combining and selection outperforms that of single PDCCH with AL=8. With lower BLER e.g. BLER=10-5, the gain gets bigger. In specific, for scenario 1, the required SNR for achieving BLER=10-5 for AL4 x 2 with precoder-cycling is 1.5 dB lower than that for AL8. It is observed that the improvement by the precoder-cycling becomes slightly small as the DCI size gets large. 
We further investigate BLER performances for the following scenarios:
· Scenario 4: DCI=40 [bits], Delay spread=300 [ns], Number of TX antennas=2, Number of RX antennas=4
· Scenario 5: DCI=60 [bits], Delay spread=300 [ns], Number of TX antennas=2, Number of RX antennas=4
· Scenario 6: DCI=80 [bits], Delay spread=300 [ns], Number of TX antennas=2, Number of RX antennas=4
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(a) Scenario 4					(b) Scenario 5
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(c) Scenario 6
Fig. 3-4	BLER performances of PDCCH repetitions with 4RX antennas (Delay spread=300 [ns]).


The results show that the gain by precorder-cycling can still be observed even assuming the delay spread of 300 ns. Specifically, for scenario 4, required SNR for achieving BLER=10-5 for AL4 x 2 with precoder-cycling is about 1 dB lower than that for AL8. Between soft combining and selection, no performance difference is observed.
As we propose in [5], appropriate DCI format size for URLLC operation should be the same size as for DCI format 0_0/1_0, which is around 40 payload bits. Under this assumption, we can make the following observation.
Observation 3-2:
· PDCCH repetitions with precoder-cycling for DCI format size of 40 bits before CRC attachment offers 1.5dB (1.0dB) smaller required SNR for achieving BLER=10-5 when DS=30ns (300ns), respectively. 

Next, we also show the comparison for following scenarios of which the number of RX antennas are smaller than 4, i.e., 2. Still the effectiveness is kept.
· Scenario 7: DCI=40 [bits], Delay spread=30 [ns], Number of TX antennas=2
· Scenario 8: DCI=40 [bits], Delay spread=300 [ns], Number of TX antennas=2
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(a) Scenario 7					(b) Scenario 8
Fig. 3-5	BLER performances of PDCCH repetitions with 2 RX antennas (Delay spread=30/300 [ns]).

As a conclusion, it is observed that AL4 + AL4 with precoder-cycling using either soft combining and selection across repetitions offers better performance compared to single PDCCH with AL=8 in any given scenario, especially for lower BLER region which is the required operating region of URLLC. In this simulation, we model multiple TRP by precoder-cycling. However, in the realistic case, multiple TRP may also require QCL-cycling across repetitions. Then, not only small-scale (microscopic) spatial-diversity gain, but also large-scale (macroscopic) spatial-diversity gain is obtained. 

Proposal 3-1:
· Support precoder/QCL-cycling across repetitions combined with PDCCH repetition.


3.3	PDSCH repetition over multiple TRPs
In Rel.15, NR supports PDSCH repetition over multiple slots. For Rel.16, same as for PDCCH, precoder/QCL-cycling across repetitions for PDSCH is useful to achieve spatial diversity gain.

The precoder/QCL-cycling can be explicitly indicated to the UE by higher-layer configuration. For example, RRC signalling can configure the sequence of RS indexes, TCI-states, or QCL-references, to be applied across repetitions. Once the UE is configured with the sequence by higher-layer, the UE receives K PDSCH repetitions based on the configured sequence, where K is the repetition factor. 

However, semi-static precoder/QCL-cycling sequence is not flexible enough; depending on data type/size, initial transmission or re-transmission, HARQ process ID, CSI knowledge at the gNB, the precoder/QCL-cycling sequences should be able to be indicated/determined dynamically. As shown in Table 3-1, this can be done by the scheduling DCI, i.e., RRC signalling configures more than one sequences of RS indexes, TCI-states, or QCL-references, and then the scheduling DCI indicates one of them to be applied across repetitions. 

Table 3-1: DCI indicates one sequence of RS indexes, TCI-states, or QCL-references
	DCI field value
	TRPs for repetition (i.e., sequence of RS indexes, TCI-states, or QCL-references)

	00
	#0, #1, #2, #3

	01
	#0, #1, #0, #1

	10
	#0, #2, #0, #2

	11
	#0, #0, #0, #0



Further, this can be combined with DCI indication of RV sequence for PDSCH repetition. In Rel.15, RV sequence for PDSCH repetition is fixed to {0, 2, 3, 1}, and the scheduling DCI can indicate the starting RV value among the four values. This RV sequence is useful to achieve coding gain after the repetitions are received and combined at the UE. However, use of multiple TRPs for PDSCH repetition requires different RV sequences. For example, if the gNB does not know which TRP is the best for the UE, each repetition among the K repetitions should be self-decodable (e.g., 0, 0, 0, 0) and the repetitions should be transmitted from multiple TRPs; while if the gNB knows which TRP is the best for the UE, all the K repetitions should be transmitted from the best TRP with as many RVs as possible (e.g., 0, 2, 3, 1). Hence, we propose to enhance RV sequence together with introducing precoder/QCL-cycling. More specifically, for PDSCH repetition, RV sequence of {0, 3, 0, 3} and {0, 0, 0, 0} should be supported. For example, if the PDSCH repetition uses single TRP (precoder/QCL-cycling {#0, #0, #0, #0}), the RV sequence {0, 2, 3, 1} can be used. While if the PDSCH repetition uses multiple TRPs (precoder/QCL-cycling {#0, #1, #2, #3}), the RV sequence {0, 0, 0, 0} can be used. Exact signalling method can be FFS, e.g., whether precoder/QCL-cycling sequence indication and RV sequence indication are by separate fields or joint field. Table 3-2 shows an example of the joint filed indication for precoder/QCL-cycling sequence and RV sequence.
 
Table 3-2: Example of joint field indication for precoder/QCL-cycling sequence and RV sequence
	DCI field value
	TRPs for repetition 
	RV sequence
	Note

	00
	#0, #1, #2, #3
	0, 0, 0, 0
	gNB assumes at least one of them is received
Each repetition should be self-decodable

	01
	#0, #1, #1, #0
	0, 3, 0, 3
	gNB knows TRPs #0 and #1 are appropriate

	10
	#0, #2, #2, #0
	0, 3, 0, 3
	gNB knows TRPs #0 and #2 are appropriate

	11
	#0, #0, #0, #0
	0, 2, 3, 1
	gNB knows TRPs #0 is appropriate
Repetitions should maximize coding gain



Proposal 3-2:
· Support precoder/QCL-cycling across repetitions for PDSCH repetition.
· QCL-cycling is realized by configuring a sequence of RS indexes, TCI-states, or QCL-references.
· For flexible repetition operation, support also RV sequences {0, 0, 0, 0} and {0, 3, 0, 3}.
· FFS: QCL-cycling pattern and RV sequence are configured by higher-layer or indicated by the DCI.

3.4	PUSCH repetition over multiple TRPs
The same logic applies well to PUSCH repetition. For uplink multiple-antenna transmission, different precoders can be applied across repetitions. For both single-antenna and multiple-antenna transmissions, different SRI can be used across repetitions to determine the reference RSs for spatial relation information. By this, spatial diversity gain by multiple TRP is obtained.

The concept of precoder/SRI-cycling across repetitions is similar to frequency-hopping; by letting multiple transmissions going through multiple uncorrelated channels, diversity gain is achieved (see below Fig. 3-6). 
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(a) frequency-hopping		(b) precoder/SRI-cycling
Fig. 3-6	Similarity between frequency-hopping and precoder/SRI-cycling

Fig. 3-7 shows the performance comparison between 8-symbol PUSCH and 4-symbol PUSCH with two repetitions, where the two repetitions are assumed to go through uncorrelated fading channels. TB size of 32 Bytes is assumed. No frequency-hopping is applied. For fair comparison, the coding rate (and the number of RBs) for 8-symbol PUSCH is almost same as the coding rate derived from two repetitions of 4-symbol PUSCH. In specific, in Fig. 3-7 (a)/(b), the MCS#2/MCS#4 is used for 8-symbol PUSCH by which the coding rate for 8-symbol PUSCH is almost equivalent to the coding rate derived from two repetitions of 4-symbol PUSCH, that each repetition uses MCS#5/MCS#7. It is observed that 2 repetitions of 4-symbol PUSCH offers better performance compared to 8-symbol PUSCH; especially for BLER operating point lower than 1%. For BLER=10-5, the required SNR can be reduced by about 3dB. From this, it can be said that precoder/SRI-cycling across repetitions offers significant performance gain and is useful for achieving URLLC requirements with better resource management.

[image: ]       [image: ]
(a)                                                                                         (b) 
Fig. 3-7	PUSCH BLER performances without frequency-hopping.

Same as for PDSCH repetition, Rel.15 RV sequence for dynamic grant PUSCH is only {0, 2, 3, 1}. This should be enhanced such that RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} are also supported.

Proposal 3-3:
· Support precoder/SRI-cycling across repetitions for PUSCH repetition.
· For flexible repetition operation of dynamic grant, support also RV sequences {0, 0, 0, 0} and {0, 3, 0, 3}.
· FFS: Precoder/SRI-cycling pattern and RV sequence are configured by higher-layer or indicated by the DCI.

For configured grant PUSCH, precoder/SRI-cycling across repetitions should also be supported. RV sequences of {0, 0, 0, 0} and {0, 3, 0, 3} are already supported for configured grant PUSCH.

Proposal 3-4:
· Support precoder/SRI-cycling across repetitions for configured grant PUSCH repetition.
· FFS: Precoder/SRI-cycling pattern and RV sequence are configured by higher-layer or indicated by the DCI.

Note that enhancements for PUSCH and for configured grant are under study in Rel.16 eURLLC SI, and it may conclude to specify mini-slot repetition within a slot for those cases. If the mini-slot repetition within a slot is supported, then the precoder/SRI-cycling should naturally be applied to the mini-slot repetition within a slot [6].

3.5	PUCCH repetition over multiple TRPs
Any channels can be benefited from the multiple TRP transmissions. PUCCH repetition is not an exception. Similar as PDCCH, PDSCH, and dynamic/configured grant PUSCH, PUCCH repetition should be combined with multiple TRP. More specifically, different Spatialrelationinfo across PUCCH repetitions should be supported Further study is needed on how to indicate/configure the Spatialrelationinfo for PUCCH for HARQ-ACK transmission to each TRP (or to each repetition). For example, Spatialrelationinfo for PUCCH transmission for each TRP (for each repetition) can be configured by RRC signalling. Regardless of which PUCCH resource is determined by the ARI indicated in the DCI and/or CCE index of the PDCCH, the configured sequence of Spatialrelationinfo is applied across repetitions. Therefore, as shown in Table 3-3, for each set of PDSCH repetitions, same PUCCH resource can be indicated by PDCCH, but spatialrelationinfo is different cross repetitions which is semi-statically fixed. 

Table 3-3: Example of PUCCH resource indication with semi-statically configured Spatialrelationinfo sequence 
	ARI field value
	PUCCH resource
	Spatialrelationinfo

	000
	Resource #a
	TCI ID#1 for 1st; TCI ID#2 for 2nd; TCI ID#3 for 3rd; TCI ID#4 for 4th

	001
	Resource #b
	

	010
	Resource #c
	

	…
	
	



However, semi-static Spatialrelationinfo sequence may not be flexible enough; depending on CSI knowledge at the gNB, the Spatialrelationinfo sequences can be indicated dynamically by DCI. To reduce the signalling overhead, joint field for indicating the PUCCH resource and the Spatialrelationinfo sequence can be considered. Table 3-4 gives an example.

Table 3-4: Example of joint field indication for Spatialrelationinfo sequence and PUCCH resource
	ARI field value
	PUCCH resource
	Spatialrelationinfo

	000
	Resource #a
	TCI ID#1 for 1st; TCI ID#2 for 2nd; TCI ID#3 for 3rd; TCI ID#4 for 4th

	001
	Resource #b
	TCI ID#3 for 1st; TCI ID#1 for 2nd; TCI ID#4 for 3rd; TCI ID#2 for 4th

	010
	Resource #c
	TCI ID#1 for 1st; TCI ID#1 for 2nd; TCI ID#1 for 3rd; TCI ID#1 for 4th

	…
	
	



Proposal 3-5:
· Support Spatialrelationinfo-cycling across repetitions for PUCCH repetition.
· FFS flexible indication of Spatialrelationinfo-cycling across repetitions for PUCCH repetition


4. Conclusion
In this contribution, we discussed the enhancements on multi-TRP/panel transmission in Rel-16. Based on the discussion, we made following observations and proposals.
For multi-TRP/panel enhancement for non-coherent joint transmission,

Observation 2-1:
· Joint transmission from multiple beams can increase cell edge and cell average performance.
· Joint transmission from multiple beams can support higher rank transmission.
· Multiple CSI feedback without proper inter-beam/inter-panel interference measurement in multi-panel scenario can increase cell average performance but reduce cell edge performance.
Observation 2-2:
· Ideal backhaul is the main target scenario for multi-TRP/panel.
Proposal 2-1: 
· NR Rel-16 discussion should prioritize ideal backhaul over non-ideal backhaul for multi-TRP transmission.
Proposal 2-2:
· For multi-TRP with non-ideal backhaul, NR Rel-16 should discuss and determine the assumption of non-ideal backhaul first before further technical discussion for multi-TRP transmission.
Proposal 2-3:
· Rel-15 agreements related to multi-panel/TRP should be discussed again after non-ideal backhaul assumption is determined.
Proposal 2-4:
· To support non-coherent joint transmission in multi-TRP/panel, NR Rel-16 should study the DCI enhancement of following two alternatives based on determined assumption of non-ideal backhaul. At least Alt. 1 should be supported in Rel. 16.
· Alt. 1: Single DCI schedules PDSCHs from multiple TRPs/panels
· Further study the indication of DMRS information, QCL information, rate matching information, and/or resource allocation for multiple PDSCHs by single DCI
· Alt. 2: Multiple DCIs schedule multiple PDSCHs from multiple TRPs/panels
Proposal 2-5:
· To support non-coherent joint transmission in multi-TRP/panel, NR Rel-16 should study the CSI enhancement, including
· Configuration and L1 measurement/reporting of a combination of multiple beams transmitted from multiple TRPs/panels simultaneously
· Configuration and CSI measurement to support multiple types of interference hypothesis measurement from multiple TRPs
Proposal 2-6:
· NR Rel-16 should study UCI reporting of following two alternatives based on determined assumption of non-ideal backhaul. At least Alt. 1 should be supported in Rel. 16.
· Alt. 1: UCI for multiple DL TRPs/panels is reported to one TRP/panel 
· Alt. 2: UCI for different DL TRPs/panels is reported to corresponding TRP/panel

For multi-TRP enhancement for URLLC,
Observation 3-1:
· Use of multiple TRPs is quite beneficial to improve reliability/efficiency of DL/UL transmissions
· By combining this with repetitions, substantial gain is obtained
· FFS specification impacts for precoder/QCL/SRI-cycling over repetitions by using multiple TRPs
Observation 3-2:
· PDCCH repetitions with precoder-cycling for DCI format size of 40 bits before CRC attachment offers 1.5dB (1.0dB) smaller required SNR for achieving BLER=10-5 when DS=30ns (300ns), respectively. 
Proposal 3-1:
· Support precoder/QCL-cycling across repetitions combined with PDCCH repetition.
Proposal 3-2:
· Support precoder/QCL-cycling across repetitions for PDSCH repetition.
· QCL-cycling is realized by configuring a sequence of RS indexes, TCI-states, or QCL-references.
· For flexible repetition operation, support also RV sequences {0, 0, 0, 0} and {0, 3, 0, 3}.
· FFS: QCL-cycling pattern and RV sequence are configured by higher-layer or indicated by the DCI.
Proposal 3-3:
· Support precoder/SRI-cycling across repetitions for PUSCH repetition.
· For flexible repetition operation of dynamic grant, support also RV sequences {0, 0, 0, 0} and {0, 3, 0, 3}.
· FFS: Precoder/SRI-cycling pattern and RV sequence are configured by higher-layer or indicated by the DCI.
Proposal 3-4:
· Support precoder/SRI-cycling across repetitions for configured grant PUSCH repetition.
· FFS: Precoder/SRI-cycling pattern and RV sequence are configured by higher-layer or indicated by the DCI.
Proposal 3-5:
· Support Spatialrelationinfo-cycling across repetitions for PUCCH repetition.
· FFS flexible indication of Spatialrelationinfo-cycling across repetitions for PUCCH repetition
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Appendix
Table A-1: Evaluation assumptions for multi-panel transmission
	Parameters
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	10MHz

	Subcarrier Spacing
	15kHz

	Channel Model
	UMa in TR 38.901

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.  

	ISD
	200m

	BS Tx power
	37dBm

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

	BS Antenna Configuration
	Configuration 1:
(M,N,P,Mg,Ng) = (4,8,2,1,2)(dH,dV) = (0.5, 0.5)λ (dg,H,dg,V) = (4.0, 0)λ
Configuration 2:
(M,N,P,Mg,Ng) = (4,8,2,2,2)(dH,dV) = (0.5, 0.5)λ (dg,H,dg,V) = (4.0, 2.0)λ

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; The polarization angles are 0 and 90

	UE array orientation
	ΩUT,a  uniformly distributed on [0,360] degree, ΩUT,b = 0 degree, ΩUT,g = 0 degree

	BS antenna pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	Scheduling algorithm
	PF

	BS antenna height
	25m

	UE antenna height
	Same as 3D-UMa in TR36.873

	UE antenna gain
	5dBi

	UE receiver noise figure
	10dB

	Criteria for selection for serving TRxP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered

	Criteria for analog beam selection for serving TRxP
	L1-RSRP

	UE distribution
	80% indoor; 20% outdoor. 10 users per TRP 



Table A-2: Simulation assumptions for DL/UL SINR CDF in indoor hotspot with K TRPs
[image: ]

Table A-3: Link level simulation assumptions
	Parameter
	Value

	Carrier Frequency
	4 GHz

	Sub-carrier Spacing
	30kHz

	Modulation
	QPSK

	Channel Coding
	Polar code

	Aggregation Level
	4, 8

	Control Resource Set (CORESET) configuration
	Time-domain duration
	1 OFDM symbol

	
	CORESET Bandwidth
	20 MHz

	
	CCE-to-REG mapping
	Interleaved (Interleaver row: 2)

	
	REG-bundle size
	6

	
	Precoder granularity
	REG-bundle

	
	Resource mapping
	Distributed transmission

	Transmission Diversity Scheme
	1-port Precoder Cycling

	DMRS density
	1/4; symbol #1, #5, #9 within each REG

	Channel Model
	TDL-C, Delay spread 30 ns, UE spread 3 km/h

	gNB antenna configuration
	2Tx

	UE antenna configuration
	4Rx

	Channel Estimation
	MMSE

	Noise Estimation
	Ideal




Rel-15 agreements related to multi-TRP/panel
RAN1#NR ADHOC 201701
Agreements:
· Study whether or not support non-coherent transmission scheme in uplink MIMO transmission to improve the reliability and capacity
· Study multiple timing advance for one component carrier (example scenario: multiple antenna ports / beams at UE pointing to different directions)
· Antenna port / beam indication in timing advance commands
· Multiple timing advance commands for one component carrier
· Study multiple power control for multiple antenna ports/beams
· Antenna port / beam indication in power control commands
· UE reporting of the capability of multiple power control
· Study whether or not there is spec impact

Agreements:
· Support NR downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul:
· Note: the case of supporting same NR-PDSCH data stream(s) may or may not have spec impact (to be further studied especially comparing performance/complexity relative to standard-transparent operation)
· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 
· Consider, e.g., backhaul conditions, UE complexity, feasibility of NR-PDCCH demodulation if from multiple TRPs, NR-PDCCH overhead, performance, etc.
· Study network coordination schemes with ideal & non-ideal backhaul links, considering 
· Fast CSI acquisition
· e.g. coordinated TRPs obtain CSIs through physical air interface
· e.g. SRS configuration exchanging between different TRPs
· Other techniques are not precluded

Agreements:
· Support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed.
· FFS the grouping principle, e.g. grouping DMRS according to CWs, analog beams, etc.
· FFS the signalling method of QCL indication, e.g., RRC, MAC CE, DCI, etc.
· Study RS for performing estimation of large scale properties of channel (E.g., Doppler shift/Doppler spread/delay spread)
· QCL supports following functionalities
· Beam management functionality: at least including spatial parameters
· Frequency/timing offset estimation functionality: at least including Doppler/delay parameters
· RRM management functionality: at least including average gain
· Others are not precluded
RAN1#88bis
Agreements:
· Support NR reception of at least one but no more than two of the following 
· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier
· Note that: this is intended to have spec impact
· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier
· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 
· In case of multiple NR-PDCCH, consider the following for the reduction of UE PDCCH detection complexity. 
· Note the following may or may not have RAN1 specification impact. 
· Note that different NR-PDSCH data layers from single TRP is special case.
· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs
· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signalling
· Other techniques can be considered. 

RAN1#89
Agreements:
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately

Agreements:
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:
· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4
· To be decided next meeting
· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH
RAN1#NR ADHOC 201706
Agreements:
· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS in case of two or more bandwidth parts for the component carrier
· FFS the max number of corresponding NR-PDCCHs
Agreements:
· Send LS to RAN2 (cc RAN3) to inform about RAN1 agreement from RAN1#89 on the support of multiple PDSCHs transmission to the UE to support NC-JT operation
· Include in the LS the following content 
· RAN1 agreement from RAN1#89
· RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation
· RAN1 thinks that the above agreement may have impact on RAN2 specification
· Actions: RAN1 asks RAN2 to take into account the above agreement in RAN2’s work and provide any information that may be relevant for future RAN1’s work on this topic
LS draft and endorsed in R1-1711820. Final LS agreed in R1-1712000
RAN1#90
Agreements:
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS the case of multiple BWPs for the component carrier if supported
· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs
· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:
· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management
· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH
· Note: this topic is more suitable for discussion under scheduling/HARQ session

Rank distribution

Rank 1	Case 1	Case 2	Case 3	Case 4	Case 5	BS antenna configuration 1	BS antenna configuration 2	0.2397	0.23169999999999999	0.18609999999999999	0.18210000000000001	0.12720000000000001	Rank 2	Case 1	Case 2	Case 3	Case 4	Case 5	BS antenna configuration 1	BS antenna configuration 2	0.76029999999999998	0.46200000000000002	0.81389999999999996	0.433	0.30120000000000002	Rank 3	Case 1	Case 2	Case 3	Case 4	Case 5	BS antenna configuration 1	BS antenna configuration 2	0	0.22700000000000001	0	0.25080000000000002	0.32200000000000001	Rank 4	Case 1	Case 2	Case 3	Case 4	Case 5	BS antenna configuration 1	BS antenna configuration 2	0	7.9299999999999995E-2	0	0.13400000000000001	0.24959999999999999	



Average spectrum efficiency

Case 1	Case 2	Case 3	Case 4	Case 5	BS antenna configuration 1	BS antenna configuration 2	4.4779999999999998	4.97	5.1390000000000002	5.9630000000000001	6.2350000000000003	
SEavg (bit/s/Hz/TRxP)



5% edge UE spectrum efficiency

Case 1	Case 2	Case 3	Case 4	Case 5	BS antenna configuration 1	BS antenna configuration 2	1.2200000000000001E-2	1.49E-2	2.4899999999999999E-2	3.0599999999999999E-2	2.07E-2	
SEedge (bit/s/Hz/TRxP)
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Parameters Indoor Indoor

Carrier frequency

4GHz 30GHz 

BS antenna height

3m 3m

Total transmit power per TRP

24 dBm for 20 MHz bandwidth 20 dBm for 40 MHz bandwidth

Bandwidth

50 RB 50 RB

UE power class

23 dBm 23 dBm

Inter-site distance

20m 20m

Number of antenna elements per TRP

(M,N,P,Mg,Ng) = (4,4,2,1,1), (dH,dV) = (0.5, 0.5)λ

+45

°

, -45

°

polarization

(M,N,P,Mg,Ng) = (4,8,2,1,1), (dH,dV) = (0.5, 0.5)λ

+45

°

, -45

°

polarization

Number of TXRU per TRxP

(Mp,Np,P,Mg,Ng) = (4,4,2,1,1) (Mp,Np,P,Mg,Ng) = (2,2,2,1,1)

Number of UE antenna elements 

(M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0

°

, 90

°

polarization

(M,N,P,Mg,Ng) = (2,4,2,1,2), (dH,dV) = (0.5, 0.5)λ

0

°

, 90

°

polarization

Number of TXRU per UE

(Mp,Np,P,Mg,Ng) = (1,2,2,1,1) (Mp,Np,P,Mg,Ng) = (1,1,2,1,2)

BS noise figure

5dB 7dB

UE noise figure

7dB 10dB

UE density

10 UEs per TRxP 10 UEs per TRxP

UT attachment

Based on RSRP (formula (8.1-1) in TR36.873) from port 0

Based on RSRP (formula (8.1-1) in TR36.873) from port 0

The UE panel with the best receive SNR is chosen. i.e. no 

combining is done between panels.
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