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Introduction
During Rel-16/17, MTRP schemes and MPUE transmission has been discussed. In the case of MTRP schemes, PL gap of up to 6dB between TRPs has been considered primarily, and larger PL gap (e.g. 10dB) can also be considered when blockage is considered [1]. Based on such PL gap assumption, numerous simulation results showed that MTRP scheme can provide better performance than STRP scheme even in 6dB PL gap [2][3][4]. Considering that PL is mainly determined by the distance between TRP and UE, as PL gap between TRPs performing MTRP transmission increases, it is expected that the difference in the distance between UE and each TRP also increases. From reliability perspective, MTRP with large distance should also be considered especially in FR2. In FR2, MTRP transmission is beneficial even for cell center UE due to severe penetration loss caused by blockage and possible UL coverage limitation due to the MPE limit. For example, handheld loss and body blockage loss is about 15 dB and 10 dB, respectively, and material such as cement and glass causes 30 dB and 10-25 dB loss, respectively, according to actual measurement in [5]. Considering the blockage events and the beamforming effect, far TRP can have much better channel than near TRP and reliability can be improved by transmission/reception to/from far TRP. 
In numerous results, it has been shown that UL performance degradation can be significant if UL timing error exceeds 0.1us (i.e., about 22% of the CP length) [6][7]. It is obvious that if it exceeds the CP length, UL reception will be impossible. Based on the fact, we show simulation results related to Rx timing offset between two TRPs for MTRP scheme in this contribution. 

Discussion
The following Table 1 shows a generalized formulation of Rx timing offset between two TRPs for the case that the same TA value is used for both TRPs, where  represents relative timing offset of TRP2 and  represents relative inter-panel timing offset of the UE where each UE panel is assumed to be associated to each TRP. Based on RAN4 requirements, the possible largest value of  is 3us and that of  is 130ns [8][9]. 
Table 1. Rx timing at each TRP with Tx timing asynchronization between TRPs and inter-panel delay of MPUE
	
	TRP1
	TRP2

	TRP reference timing
	
	

	Propagation delay
	
	

	UE Rx timing & TA reference timing
	
	

	TRP Rx timing
	
	

	Rx timing offset between TRPs
	



In Table 1, and  represent distance between UE and TRP1/2, and the speed of light, respectively. As described in Table 1, Rx timing offset between TRPs is determined by the difference in the distance between UE and each TRP, Tx timing offset between TRPs, and inter-panel delay of MPUE. If UE has to transmit UL signal based on one TA value, performance may be degraded due to such Rx timing offset between TRPs. Based on this formulation, we observed the ratio of UEs of which Rx timing offset Toffset exceeds the CP length via system level simulation. Simulation parameters are shown in Table 2. The parameters are set based on [10][11].  
Table 2. Simulation parameters
	Parameters
	Values

	Scenario
	UMa, UMi - street canyon, InH-office

	Carrier frequency
	2GHz, 30GHz, 60GHz

	Channel model
	TR38.901

	TRP antenna configuration
	4 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,2,2,1,1,1,2), (dH, dV) = (0.5, 0.8)λ for UMa, UMi 2GHz
2 ports: (8,8,2,1,1), (dH, dV) = (0.5, 0.8)λ for UMa 30GHz
2 ports: (8,4,2,1,1), (dH, dV) = (0.5, 0.8)λ for UMi 30GHz
2 ports: (4,8,2,1,1), (dH, dV) = (0.5, 0.5)λ for InH 60GHz

	UE antenna configuration
	4 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for 2GHz
2 ports: (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ,  Ω0,1=Ω0,0+180 for 30GHz
2 ports: (4, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ,  Ω0,1=Ω0,0+180 for 60GHz



Table 3-1. Portion of MTRP UEs exceeding CP length (UMa, 2GHz, without blockage)
	μ
	SCS
	CP length
	τMAX=0ns
	τMAX=130ns
	τMAX=3us

	0
	15 kHz
	4.68 us
	1.8 % (3.7 %)
	1.9 % (3.9 %)
	2.9 % (5.9 %)

	1
	30 kHz
	2.34 us
	7.8 % (16.1 %)
	7.8 % (16.1 %)
	15.7 % (32.4 %)

	2
	60 kHz
	1.17 us
	13.2 % (27.2 %)
	13.2 % (27.2 %)
	31.7 % (65.4 %)



Table 3-2. Portion of MTRP UEs exceeding CP length (UMa, 30GHz, without blockage)
	μ
	SCS
	CP length
	τMAX=0ns
	τMAX=130ns
	τMAX=3us

	2
	60 kHz
	1.17 us
	13.0 % (38.4 %)
	13.0 % (38.4 %)
	22.4 % (66.2 %)

	3
	120 kHz
	585.93 ns
	18.8 % (55.6 %)
	18.9 % (55.9%)
	28.1 % (83.1 %)



Table 3-3. Portion of MTRP UEs exceeding CP length (UMa, 30GHz, with blockage)
	μ
	SCS
	CP length
	τMAX=0ns
	τMAX=130ns
	τMAX=3us

	2
	60 kHz
	1.17 us
	20.5 % (46.3 %)
	20.5 % (46.3 %)
	29.3 % (66.2%)

	3
	120 kHz
	585.93 ns
	27.3 % (61.7 %)
	27.4 % (61.9 %)
	36.7 % (83.0%)



Table 3-1, 3-2, and 3-3 show simulation results in UMa scenario. In the simulation, we assume that MTRP transmission is done only for the UEs that the RSRP difference between two TRPs having the best RSRP is smaller than 6dB for the case without blockage or 10dB for the case with blockage, where blockage model A in TR38.901 is used, respectively. For other UEs, STRP transmission is assumed. We observed the portion of MTRP UEs of which timing offset exceeds the CP length among all UEs (x%) or among all MTRP UEs (y%) in the deployment, where both x and y are present in the tables as ‘x % (y %)’. In the tables, the impact of timing offset/error of TRP or UE side is also observed, where the term τasync + τIPD in Table 1 is randomly generated with uniform distribution in [-τMAX, τMAX]. Three values of τMAX were tested, i.e. ideal timing offset (τMAX =0), inter-panel delay at UE side (τMAX =130ns), and inter-TRP asynch scenario (τMAX =3us).
In Table 3-1, the ratio of MTRP UEs was 48.4%, meaning that 51.6% are STRP UEs. From the table, we can observe that timing offset exceeds the CP length for 7.8% of UEs and 13.2% of UEs in 30kHz and 60kHz numerology in the case of ideal timing offset(τMAX =0), respectively, which can also be interpreted that 16.1% and 27.2% of UEs among MTRP UEs. And, these values are more than doubled for inter-TRP asynch scenario (τMAX =3us). 
Observation #1: The ratio of UEs corresponding to the case that the RSRP difference of the best two TRPs is < 6dB and  is 7.8% and 13.2%, respectively, in the 30kHz and 60kHz numerology in 2GHz UMa scenario when no timing offset is assumed between TRPs and between UE panels. In case of τMAX = 3us, these ratios increase to 15.7% and 31.7% at 30kHz and 60kHz, respectively. 

In Table 3-2, the ratio of MTRP UEs was 33.8%. From the table, we can observe that timing offset exceeds the CP length for 13.0% of UEs and 18.8% of UEs in 60kHz and 120kHz numerology in the case of ideal timing offset(τMAX =0), respectively. In Table 3-3, considering the blockage, i.e., up to 10dB RSRP difference, the ratio of MTRP UEs increases to 44.2%. And, we can observe that timing offset exceeds the CP length for 20.5% of UEs and 27.3% of UEs in 60kHz and 120kHz numerology in the case of ideal timing offset(τMAX =0), respectively.
Observation #2: The ratio of UEs corresponding to the case that the RSRP difference of the best two TRPs < 6dB and  is 13.0% and 18.8%, respectively, in the 60kHz and 120kHz numerology in 30GHz UMa scenario when no timing offset is assumed between TRPs and between UE panels. If blockage and RSRP difference of up to 10dB is considered, the ratio of UEs increases to 20.5% and 27.3% at 60kHz and 120kHz, respectively. 

Table 4-1. Portion of MTRP UEs exceeding CP length (UMi, 2GHz, without blockage)
	μ
	SCS
	CP length
	τMAX=0ns
	τMAX=130ns
	τMAX=3us

	0
	15 kHz
	4.68 us
	0 % (0 %)
	0 % (0 %)
	0.2 % (0.3 %)

	1
	30 kHz
	2.34 us
	0.5 % (0.9 %)
	0.6 % (0.9 %)
	14.1 % (25.5 %)

	2
	60 kHz
	1.17 us
	9.0 % (16.3 %)
	9.0 % (16.3 %)
	33.9 % (61.4 %)



Table 4-2. Portion of MTRP UEs exceeding CP length (UMi, 30GHz, without blockage)
	μ
	SCS
	CP length
	τMAX=0ns
	τMAX=130ns
	τMAX=3us

	2
	60 kHz
	1.17 us
	7.9 % (26.6 %)
	7.9 % (26.6 %)
	18.1 % (61.1 %)

	3
	120 kHz
	585.93 ns
	15.1 % (51.0 %)
	15.1 % (51.0 %)
	23.7 % (80.0 %)



Table 4-3. Portion of MTRP UEs exceeding CP length (UMi, 30GHz, with blockage)
	μ
	SCS
	CP length
	τMAX=0ns
	τMAX=130ns
	τMAX=3us

	2
	60 kHz
	1.17 us
	11.2 % (27.9 %)
	11.2 % (27.9 %)
	24.5 % (61.0 %)

	3
	120 kHz
	585.93 ns
	20.9 % (52.1 %)
	20.9 % (52.1 %)
	32.3 % (80.5 %)



Table 4-1, 4-2, and 4-3 show simulation results in UMi scenario. In Table 4-1, the ratio of MTRP UEs was 55.2%. From the table, we can observe that timing offset exceeds the CP length for 9.0% of UEs in 60kHz numerology in the case of ideal timing offset(τMAX =0), which can also be interpreted that 16.3% of UEs among MTRP UEs. And, this value increases more than three times for inter-TRP asynch scenario (τMAX =3us). 
Observation #3: The ratio of UEs corresponding to the case that the RSRP difference of the best two TRPs is < 6dB and  is 9.0% in the 60kHz numerology in 2GHz UMi scenario when no timing offset is assumed between TRPs and between UE panels. In case of τMAX = 3us, this ratio increases to 33.9% at 60kHz.

In Table 4-2, the ratio of MTRP UEs was 29.6%. From the table, we can observe that timing offset exceeds the CP length for 7.9% of UEs and 15.1% of UEs in 60kHz and 120kHz numerology in the case of ideal timing offset(τMAX =0), respectively. In Table 4-3, considering the blockage, i.e., up to 10dB RSRP difference, the ratio of MTRP UEs increases to 40.1%. And, we can observe that timing offset exceeds the CP length for 11.2% of UEs and 20.9% of UEs in 60kHz and 120kHz numerology in the case of ideal timing offset(τMAX =0), respectively.
Observation #4: The ratio of UEs corresponding to the case that the RSRP difference of the best two TRPs < 6dB and  is 7.9% and 15.1%, respectively, in the 60kHz and 120kHz numerology in 30GHz UMi scenario when no timing offset is assumed between TRPs and between UE panels. If blockage and RSRP difference of up to 10dB is considered, the ratio of UEs increases to 11.2% and 20.9% at 60kHz and 120kHz, respectively. 

Table 5-1. Portion of MTRP UEs exceeding CP length (InH, 60GHz, without blockage)
	μ
	SCS
	CP length
	τMAX=0ns
	τMAX=130ns
	τMAX=3us

	5
	480 kHz
	146.48 ns
	5.8 % (19.7 %)
	8.6 % (29.2 %)
	28.1 % (95.5 %)

	6
	960 kHz
	73.24 ns
	14.9 % (50.6 %)
	17.9 % (60.8 %)
	28.8 % (97.9%)



Table 5-2. Portion of MTRP UEs exceeding CP length (InH, 60GHz, with blockage)
	μ
	SCS
	CP length
	τMAX=0ns
	τMAX=130ns
	τMAX=3us

	5
	480 kHz
	146.48 ns
	9.3 % (23.9 %)
	12.6 % (32.3 %)
	37.2 % (95.6 %)

	6
	960 kHz
	73.24 ns
	21.1 % (54.2 %)
	24.0 % (61.6 %)
	38.0 % (97.6 %)



Table 5-1 and 5-2 show simulation results in InH scenario. In Table 5-1, the ratio of MTRP UEs was 29.4%. From the table, we can observe that timing offset exceeds the CP length for 5.8% of UEs and 14.9% of UEs in 480kHz and 960kHz numerology in the case of ideal timing offset(τMAX =0), respectively, which can also be interpreted that 19.7% and 50.6% of UEs among MTRP UEs. And, these values increase to 8.6% and 17.9% if inter-panel delay at UE side is considered (τMAX =130ns). In Table 5-2, considering the blockage, i.e., up to 10dB RSRP difference, the ratio of MTRP UEs increases to 38.9%. And, we can observe that timing offset exceeds the CP length for 9.3% of UEs and 21.1% of UEs in 480kHz and 960kHz numerology in the case of ideal timing offset(τMAX =0), respectively. And, these values increase to 12.6% and 24.0% if inter-panel delay at UE side is considered (τMAX =130ns).
Observation #5: The ratio of UEs corresponding to the case that the RSRP difference of the best two TRPs is < 6dB and  is 5.8% and 14.9%, respectively, in the 480kHz and 960kHz numerology in 60GHz InH scenario when no timing offset is assumed between TRPs and between UE panels. In case of τMAX = 130ns, these ratios increase to 8.6% and 17.9% at 480kHz and 960kHz, respectively. If blockage and RSRP difference of up to 10dB is considered, the ratio of UEs increases to 9.3% and 21.1% at 480kHz and 960kHz, respectively.

Conclusion
In this contribution, we show simulation results related to Rx timing offset between two TRPs for MTRP scheme, and observations are as follows.
Observation #1: The ratio of UEs corresponding to the case that the RSRP difference of the best two TRPs is < 6dB and  is 7.8% and 13.2%, respectively, in the 30kHz and 60kHz numerology in 2GHz UMa scenario when no timing offset is assumed between TRPs and between UE panels. In case of τMAX = 3us, these ratios increase to 15.7% and 31.7% at 30kHz and 60kHz, respectively. 
Observation #2: The ratio of UEs corresponding to the case that the RSRP difference of the best two TRPs < 6dB and  is 13.0% and 18.8%, respectively, in the 60kHz and 120kHz numerology in 30GHz UMa scenario when no timing offset is assumed between TRPs and between UE panels. If blockage and RSRP difference of up to 10dB is considered, the ratio of UEs increases to 20.5% and 27.3% at 60kHz and 120kHz, respectively. 
Observation #3: The ratio of UEs corresponding to the case that the RSRP difference of the best two TRPs is < 6dB and  is 9.0% in the 60kHz numerology in 2GHz UMi scenario when no timing offset is assumed between TRPs and between UE panels. In case of τMAX = 3us, this ratio increases to 33.9% at 60kHz.
Observation #4: The ratio of UEs corresponding to the case that the RSRP difference of the best two TRPs < 6dB and  is 7.9% and 15.1%, respectively, in the 60kHz and 120kHz numerology in 30GHz UMi scenario when no timing offset is assumed between TRPs and between UE panels. If blockage and RSRP difference of up to 10dB is considered, the ratio of UEs increases to 11.2% and 20.9% at 60kHz and 120kHz, respectively. 
Observation #5: The ratio of UEs corresponding to the case that the RSRP difference of the best two TRPs is < 6dB and  is 5.8% and 14.9%, respectively, in the 480kHz and 960kHz numerology in 60GHz InH scenario when no timing offset is assumed between TRPs and between UE panels. In case of τMAX = 130ns, these ratios increase to 8.6% and 17.9% at 480kHz and 960kHz, respectively. If blockage and RSRP difference of up to 10dB is considered, the ratio of UEs increases to 9.3% and 21.1% at 480kHz and 960kHz, respectively.
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