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Introduction
[bookmark: _GoBack]In Rel-16 discussion, PDSCH enhancements for multi-TRP have been specified, while PDCCH, PUCCH and PUSCH are remained to be enhanced due to the lack of time. In RAN#86, the Rel-17 WID of further enhancements on MIMO for NR is approved [1]. In order to complete the MTRP enhancement for all channels, in the approved WID, a particular point is enhancement to improve reliability and robustness for channels other than PDSCH, targeting both FR1 and FR2. The detail is given as follows.
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
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 


In this contribution, we provide our views on the enhancement of PDCCH, PUCCH and PUSCH. 
Discussion
PDCCH enhancement
In Rel-15 and Rel-16, PDSCH repetition with beam diversity is supported to tackle the blockage and enhance the data transmission reliability. With this enhancement, if one of PDSCH beam is blocked, UE can still receive data from the other indicated beams. However, PDCCH does not support beam diversity, that is to say, once the beam of PDCCH is blocked in FR2, UE cannot receive any control information, not to mention the scheduling PDSCH or PUSCH. Therefore, improving PDCCH transmission reliability is an urgent problem to be solved, which is also pointed out in R17 WID. 
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Figure 2.1-1 PDCCH repetition with beam blockage
Figure 2.1-1 provides simulation results on PDCCH repetition with beam diversity. The dotted lines show the single PDCCH and 2 PDCCH repetitions with AL=8, while the full lines show the single PDCCH and 2 PDCCH repetitions with AL=16. Two PDCCH repetitions are transmitted through 2 beams, which correspond to 2 TRPs respectively. All the cases mentioned above have the 10% blockage probability, the power decreases 10dB when the beam is blocked. As the result proves, PDCCH repetition provides better performance than single PDCCH under the blockage scenario, without the impact of the aggregation level. Because each beam blockage is random, transmitting PDCCH repetition through multiple beams from 2 TRPs can acquire better BLER comparing with single beam. LLS assumptions are shown in appendix.
Observation 1：PDCCH repetition with beam diversity provides better performance than single PDCCH under the blockage scenario.
Proposal 1: Support PDCCH repetition with beam diversity, each beam corresponds to 1 TRP.
There are several multiplexing schemes to support PDCCH repetition with beam diversity. The following three options can be considered, illustrated as Figure 2.1-2, 2.1-3 and 2.1-4:
Option 1: FDM scheme
1a. A single PDCCH is divided into 2 part of frequency domain resources, each of which corresponds to a different beam. 
1b. Each PDCCH repetition is an independent DCI and occupies different frequency domain resources with multiple beams.
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(a) option 1a                                                                     (b) option 1b
Figure 2.1-2 Option 1a and option 1b
Option 2: TDM scheme
2a. The PDCCH repetitions are located in one slot using different beams. 
2b. The PDCCH repetitions are located in different slots using different beams.
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(a) option 2a                                                 (b) option 2b
Figure 2.1-3 Option 2a and option 2b
Option 3: combined scheme
1a. Each PDCCH repetition occupies non-overlapped time and frequency resources corresponding to different beams.
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Figure 2.1-4 Option 3
For option 1a, 2 parts of frequency domain resources of a single DCI from 1 CORESET are transmitted through 2 TRPs with different beams at the same time. For option 1b, several CORESETs have non-overlapped frequency resources, the DCIs mapped on different CORESETs are transmitted through 2 TRPs with different beams. For option 2, either 1 CORESET or multiple CORESETs can achieve beam diversity, e.g., one CORESET scheduling 1 DCI is configured with multiple TCI states, or as the legacy, i.e., multiple CORESETs schedule their own TCI states respectively. For option 3, several CORESETs have non-overlapped time and frequency resources and different TCI states. It can be seen that, for PDCCH repetition, if there is only 1 configured CORESET, option 1a and option 2 can support beam diversity. If there are multiple configured CORESETs, option 1b, option 2 and option 3 can achieve beam diversity. Therefore, option 2, i.e., TDM scheme has the minimum restriction on gNB, UE can be indicated multiple beams to achieve beam diversity no matter 1 CORESET or multiple CORESETs are configured. 
Another point is that, FDM scheme requires UE to activate 2 panels for receiving DCI simultaneously, which is a quite high requirement. Conversely, TDM scheme achieves much more flexibility due to the time division. That is to say, activating 1 panel at one time is enough for the UE with low capability. 
Figure 2.1-5 shows the performance of option 1a where 2.1-5(a) is FDM scheme in non-beam blockage scenario, 2.1-5(b) is FDM scheme comparing with single PDCCH and 2 PDCCH repetitions, the beam has 10% probability of blockage, the power gap between 2 TRPs are 3dB. If a beam is blocked, the power loss is 20dB. It is observed from the simulation results that single PDCCH and TDM PDCCH repetitions performs better than the FDM scheme. Therefore, TDM based PDCCH repetition should have the highest priority.
[image: ][image: ]
(a)FDM scheme without beam blockage            (b)FDM scheme with beam blockage
Figure 2.1-5 FDM scheme performance
Observation 2: Single PDCCH and 2 PDCCH repetitions performs better than the FDM scheme.
Proposal 2: TDM based PDCCH repetition with beam diversity should have the highest priority.
PUCCH enhancement
In Rel-15, long PUCCH format repetition as shown below can be used for high reliability use cases. 
For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, for repetitions of a PUCCH transmission by respective nrofSlots. 
However, repetition is not supported for short PUCCH formats including format 0 and 2. In the blockage scenarios, once the beam configured to a PUCCH resource is blocked, UCI carried by the PUCCH resource may not be received successfully regardless which PUCCH format is used. Thus, PUCCH transmission with multiple beams should be supported for all PUCCH formats. 
Proposal 3: Support repetition with beam diversity for all PUCCH formats.
In order to evaluate the benefit of PUCCH repetition, we provide some LLS simulation results by taking PUCCH format 0 and PUCCH format 1 as examples, see the figure below. In the simulation, SNR range are set as -30 ~ -12 dB with an interval of 2 dB, and the maximum repetition number is 16.
[image: snr=-30~-22] [image: snr=-20~-12]
Figure 2.2-1(a)                                 Figure 2.2-1(b)
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Figure 2.2-1(c)                                 Figure 2.2-1(d)
Figure 2.2-1 PUCCH repetition for PUCCH format 0 and format 1
As shown in the above figures, the real number of repetitions required by gNB to correctly receive PUCCH information obviously decreases with the increase of the SNR. Figure 2.2-1(a) and Figure 2.2-1(b) show the simulation results of PUCCH format 0. Figure 2.2-1(c) and Figure 2.2-1(d) show the simulation results of PUCCH format 1. In the case of the same large scale SNR, the number of repetition of format 1 is obviously less than that of format 0. Therefore, it is necessary to support the repetition of short format PUCCH. The simulation assumption can be found in Table 2 in Appendix. 
To evaluate the validity of beam diversity, the simulation results are shown in Figure 2.2-2. In simulation, the beam blockage probability is 10%. Once beam blockage occurs, the receiving SNR will be reduced by 10 dB.
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Figure 2.2-2 PUCCH repetition with beam blockage
As shown in Figure 2.2-2, the green line indicates PUCCH transmission through a single beam, the red line indicates 2 PUCCH repetition transmission with 2 beams, the blue line indicates 4 PUCCH repetition transmission with 2 beams and the black line indicates 8 PUCCH repetition transmission with 2 beams. We can see, PUCCH repetition with beam diversity shows lower BLER than PUCCH with single beam. 
According to the description in Rel-15, a UE can be configured a number of slots, for repetitions of a PUCCH transmission by respective RRC parameter nrofSlots. However, as shown in above Figure 2.2-1, even large scale SNR is fixed, e.g. SNR = -30dB, required number of PUCCH repetitions is changed in a range. RRC configured number of PUCCH repetitions may not be efficient for good resource utilization. Due to the real-time change of transmission conditions, the number of PUCCH repetition should be configured dynamically. When the channel condition is good, a smaller number of PUCCH repetition or no repetition can be indicated to UE to avoid the waste of resources. When the channel condition is poor, the transmission can be repeated several times, to improve the transmission reliability. To verify actual channel fluctuation, we provide one-slot SINR CDF curves under different large-scale SNRs，as shown in Figure 2.2-3.The large-scale SNR is set to -20 dB ~10 dB with a spacing of 10 dB.
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Figure 2.2-3 CDF of SINR fluctuation
As shown in Figure 2.2-3, the SINR fluctuation range can be up to 20 dB, which fully proves the rapid change of the actual transmission channel and the difference in the channel conditions of each slot. Therefore, it is difficult to adapt to PUCCH repetition times by semi-static indication, resulting in unnecessary resource waste or low transmission reliability.
Therefore, the number of PUCCH repetition should be indicated by DCI dynamically.
Proposal 4: Support dynamical indication of the number of PUCCH repetitions.
To support PUCCH repetition with beam diversity, one PUCCH resource can be configured with multiple beams, and the configured multiple beams can be switching among PUCCH repetitions like we agreed for single-DCI based MTRP scheme 3 or 4 (TDMed repetition with beam switching). Since intra-slot hopping is supported for PUCCH, multiple beams even can be considered to correspond to different hops.
Proposal 5: Multiple beams can be configured to one PUCCH resource, and beam switching can be supported among PUCCH repetitions or PUCCH hops. 
PUSCH enhancement
In Rel-16 URLLC agenda, two types of PUSCH repetition schemes are introduced where the number of repetitions can be dynamically indicated in order to achieve good reliability and improve resource utilization. However, in blockage scenarios, once the beam direction is blocked, e.g. by human body, all PUSCH repetitions may not be received successfully because a single beam is used for all PUSCH repetitions in Rel-16. Therefore, improving reliability and robustness for PUSCH transmission in FR1 and FR2 using multi-TRP and/or multi-panel is agreed in the Rel-17 FeMIMO WID [1]. 
Before RAN1#102-e meeting, to make the simulation results more creditable and generality, the recommended simulation assumptions from Rel-17 FeMIMO EVM item 2a have been collected [2]. Based on this assumption, the comparison results of PUSCH repetitions with and without beam diversity are depicted in Figure 2.3-1. More detailed simulation assumptions can be found in Table 2 in Appendix. It is observed that the gain from beam diversity is obvious in blockage scenario.
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Figure 2.3-1 PUSCH repetition with/ without beam diversity
Since UE may not be able to support multiple beam uplink transmissions simultaneously, TDMed PUSCH repetition with beam diversity should be prioritized. 
Proposal 6: TDMed PUSCH repetition with beam diversity should be prioritized.
To further verify the benefit of TDMed PUSCH repetitions with beam diversity, the following two blockage cases are adopted for the simulation.
· Case 1: fully blockage (means the UE Tx power is 0 dBm) with 10% probability of PUSCH transmission.
· Case 2: -10 dB blockage (means 10 dB power back-off of UE Tx power) with 10% probability of PUSCH transmission.
The performance results of PUSCH repetition with different blockage scenarios in FR2 are depicted in figure 2.3-2 and figure 2.3-3 respectively. In general, it is so plain that the more PUSCH repetition times, the greater the performance gain of whole transmission. 
Regarding the case 1 of fully blockage in figure 2.3-2, it can be observed that the value of BLER converge to different fixed levels according to different repetition times. In the context of this simulation, the value of BLER mainly depends on the occurrence probability of the fully blockage (10% of the simulation) and the total times of first transmission and repetition (denoted by n) per TB, which means the value is equivalent to 10-n. Correspondingly, when the number of transmission times is 1, 2, 4, and 8, the value of BLER converge to 10-1, 10-2 10-4 and 10-8, respectively. 
Moreover, as shown in figure 2.3-3, it may look somehow odd that the values of BLER near 10-1and 10-2 respectively of 1 PUSCH and 2 PUSCH in the range of SNR = [-2, 12] dBm. That’s because when the PUSCH repetition times is less, the gain obtained from repetition is small, so the adverse impact from the -10 dB blockage with 10% probability is large. Thererfore, the value of BLER converge to 10-1and 10-2 respectively. However, When SNR＞12 dBm, which means the great quality of channel propagation, the adverse impact from -10 dB blockage with 10% probability becomes small, hence the trend of BLER value declines rapidly. For 4 PUSCH and 8 PUSCH, due to multiple repetitions, the impact caused by -10 dBm blockage of the whole PUSCH transmission is small. Therefore, the BLER value decreases normally as the SNR increase for 4 PUSCH and 8 PUSCH. Overall, PUSCH repetition provides better performance than single PUSCH transmission in this case.Therefore, PUSCH repetition should be adopted to improve the reliability and robustness of uplink transmission for multi-TRP deployment.
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Figure 2.3-2 Fully blockage with 10% probability of PUSCH repetition in FR2
[image: ]
Figure 2.3-3 -10 dB blockage with 10% probability of PUSCH repetition in FR2
Observation 3: For PUSCH repetition, the more repetition times are operated, the greater gain can be obtained.
To support TDMed PUSCH repetition in multi-TRP deployment scenario, both single-DCI based and multi-DCI based transmission schemes introduced in Rel-16 can be reused for PUSCH. 
· Single-DCI based PUSCH repetition with beam diversity 
As shown in Figure 2.3-4(a), single DCI can schedule multiple PUSCH transmissions with different beams. To support multiple beams, SRI field in DCI format 0_1 or 0_2 needs to be enhanced. In addition, independent TPMI for two beams may also be needed. 
·  Mutli-DCI based PUSCH repetition with beam diversity 
As shown in Figure 2.3-4(b), two independent DCI from two TRPs schedule multiple repetitions of one TB. Even beam/TPMI are different for PUSCH repetitions from two TRPs, Rel-16 DCI size can be reused. However, gNB should let UE know which two DCIs schedule the same TB. 
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(a) Single-DCI					      (b) Multi-DCI
Figure 2.3-4 Independent TPMI indicating in the cases of Single-DCI and Multi-DCI based repetition
In short, both two schemes need spec. enhancement. The comparison of same/ independent TPMI for two beams has been performed by system level simulation. Here, different path-loss gaps of two TRPs have been considered to reflect the practical different TRP locations, and the detailed simulation parameters are shown in Table 4 in Appendix. The simulation result is shown in the following figure 2.3-5.
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(a) Same TPMI					      (b) Indenpend TPMI
Figure 2.3-5 Same/ Indenpend TPMI for PUSCH repetitions with different beams
As shown in figure 2.3-5, the performance of independent TPMIs provides better gain than the same TPMI, and the simulation results are consistent with a actual transmission scenario. 
Proposal 7: Considering both single-DCI and multi-DCI based PUSCH repetition with beam diversity.
· For single-DCI based, SRI and TPMI enhancement need to be studied.
· For Muti-DCI based, gNB should let UE know which two DCIs schedule the same TB.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views on the enhancement of PDCCH, PUCCH and PUSCH. 
Observation 1：PDCCH repetition provides better performance than single PDCCH under the blockage scenario.
Observation 2: Observation 2: Single PDCCH and 2 PDCCH repetitions performs better than the FDM scheme. 
Observation 3: For PUSCH repetition, the more repetition times are operated, the greater gain can be obtained.
Proposal 1: Support PDCCH repetition with beam diversity, each beam corresponds to 1 TRP.
Proposal 2: TDM based PDCCH repetition with beam diversity should have the highest priority.
Proposal 3: Support repetition with beam diversity for all PUCCH formats.
Proposal 4: Support dynamical indication of the number of PUCCH repetitions.
Proposal 5: Multiple beams can be configured to one PUCCH resource, and beam switching can be supported among PUCCH repetitions or PUCCH hops. 
Proposal 6: TDMed PUSCH repetition with beam diversity should be prioritized.
Proposal 7: Considering both single-DCI and multi-DCI based PUSCH repetition with beam diversity.
· For single-DCI based, SRI and TPMI enhancement need to be studied.
· For Muti-DCI based, gNB should let UE know which two DCIs schedule the same TB.
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Appendix
Table 1 LLS assumptions of PDCCH repetition
	TTI
	10000

	Antenna number
	1Tx,4Rx

	Channel model
	TDL-D

	Coding scheme
	Polar

	subcarrier (KHz)
	30

	Symbol number per PDCCH
	2

	AL
	8,16

	REG bundling size
	6

	Number of repetitions
	1, 2, 4

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

	Code rate
	AL8:(40+24)/864≈0.074
AL16:(40+24)/1728≈0.037

	DCI payload
	40 bits



Table 2 LLS assumptions of PUCCH repetition
	TTI
	1000

	Antenna number
	1Tx,2Rx

	Channel model
	TDL-C

	subcarrier (KHz)
	15

	PUCCH format
	0,1

	of RBs/symbols
	PUCCH Format 0: 2 symbols, 1 RB
PUCCH Format 1: 4 symbols, 1 RB

	UCI payload 
	PUCCH Format 0: 1 bit
PUCCH Format 1: 2bits

	Number of repetitions
	1,2,4,8

	Repetition schemes
	TDM



Table 3 LLS assumptions of PUSCH repetition
	Parameter
	Value

	Repetition schemes
	TDM

	Channel mode
	CDL-A for FR2

	Blockage
	Case 1: fully power offset with probability 10%
Case 2: 10 dB power offset with probability 10%

	Target BLER
	10-4

	Baseline scheme
	R15/16 PUSCH repetition

	# of RBs/ symbols
	32/ 14

	DM-RS pattern
	DM-RS configuration type 1

	# of layers
	1

	Code rates
	0.3008

	Frequency hopping
	disenable

	UL transmission scheme
	Codebook based

	number of repetition
	[2, 4, 8]

	Redundancy Version
	[0, 2] for 2 PUSCH
[0, 2, 3, 1] for 4 PUSCH
[0, 2, 3, 1, 0, 2, 3, 1] for 8 PUSCH

	Receiver assumption
	Soft combing

	Frequency carrier
	30GHz (indoor hotspot or factory automation)

	Numerology
	SCS = 3  (120kHz)

	Waveform
	CP-OFDM

	System bandwidth
	160MHz

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (SINR range)
	5% Q value

	Antenna configuration
	2Tx, 2 Rx

	UE speed
	3km/h (indoor hotspot)



Table 4 SLS assumptions of PUSCH repetition
	Scenario
	Indoor hotspot
12BSs per 120m x 50m

	Inter-BS distance
	20m

	Carrier frequency
	30GHz

	Channel model
	5GCM office

	UE Tx power
	23 dBm

	BS antenna configurations
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1)

	BS antenna height
	3m

	BS antenna element gain
	5dBi

	BS receiver noise figure
	7dB

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 2)

	UE antenna height
	1.5m

	UE antenna gain
	5dBi

	Traffic model
	FTP 1

	UE distribution
	100% Indoor, 3km/h

	Criteria for selection for serving BS
	Maximizing RSRP with best analog beam pair

	Criteria for analog beam selection for serving BS
	Select the best beam pair among the set of DFT beams

	UL codebook
	NR 4Tx codebook

	Rank
	Rank 1

	Receiver
	MMSE-IRC

	Power control parameter
	P0=-61, alpha = 0.6
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