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1. Introduction
In the TR 38.824 [1], URLLC scenarios and requirements for evaluations are captured. We have evaluated the performances of NR to see the feasibility of URLLC scenarios and made some observations.

2. Discussions
Considered URLLC scenarios
Although all the URLLC scenarios captured in TR 38.824 are important, we select following cases for evaluation.
	Case
	Use-case
	Reliability
	Latency
	Data packet size and traffic model
	Description

	1
	Factory automation 
@ 30GHz
	99.9999 (%)
	2ms for end-to-end
1ms for air-interface
	DL & UL: 32 bytes
Periodic and deterministic traffic model with data arrival interval 2ms
	Motion control

	2
	Factory automation 
@ 4GHz
	99.9999 (%)
	2ms for end-to-end
1ms for air-interface
	DL & UL: 32 bytes
Periodic and deterministic traffic model with data arrival interval 2ms
	Motion control

	3
	Rel.15 enabled use-case in indoor hotspot
@ 4GHz
	99.9 (%)
	7ms for air-interface
	DL & UL: 4096 bytes
FTP model 3
	AR/VR

	4
	Rel.15 enabled use-case in urban macro
@ 4GHz
	99.999 (%)
	1ms for air-interface
	DL & UL: 32 bytes
FTP model 3 
	Sporadic traffic

	5
	Power distribution
@ 700MHz
	-
	-
	-
	UL/DL SINR CDF only



There are high interests on supporting industrial IOT type of services at local area using carrier frequencies of around 4GHz and 30GHz [2]. It would be possible to evaluate NR performance in this type of scenario by simulating case 1, case 2, and case 3. For AR/VR type of services in a specific local area, it is not sure whether all the packets should be delivered as URLLC packets, or some specific type of packets (e.g., control packet) for AR/VR service should only be delivered as URLLC packets (i.e., other types of packets for AR/VR service can be delivered as eMBB). The simple way is to treat all the packets as URLLC packets as the evaluation assumption. Case 3 can be viewed as representing such situation. For emergency type of services in wide area, it can be represented by case 4. As the case 5, we partly evaluate the wide area performance at 700MHz.

Case 1: factory automation @ 30GHz
Figure 1-1 illustrates DL/UL SINR CDF in case 1. For UL power control, =1 is assumed and multiple P0 values are evaluated. Simulation assumptions are aligned with the assumptions described in TR38.824 section A2.2, with an exception that bandwidth is set to 100MHz, since 160MHz BW is not defined in RAN4 [3]. It is observed that SINR distribution for FR2 is relatively higher than that for FR1. For DL, 5%-ile DL SINR is about 8.7dB. For UL, 5%-ile UL SINR when P0 is -90dBm is about 9.3dB.
It is observed from UL SINR CDF that inter-cell interference is negligible to many UEs. Besides, increasing P0 offers same/higher UL SINR. This implies that most of the UEs are neither in power-limited or in interference-limited. Looking at 5%-ile UL SINR, it is almost constant between P0=-92dBm and -90dBm. Therefore, we consider 5%-ile UL SINR is 9.3dB which is achievable with these P0 values.
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(a) DL SINR						(b) UL SINR
Fig. 1-1	DL/UL SINR CDF for Case 1.

Figure 1-2 illustrates PDSCH/PUSCH BLER performances. Simulation assumptions are aligned with TR38.824 Section A.3 Table A.3-3 with UE speed 3km/h. Configurations of {RBs, symbols, MCS, DMRS} for PDSDH/PUSCH are summarized in Table 1-1/1-2. In the channel, blockage is modelled. For both PDSCH and PUSCH, non-repetition and repetition over multiple TRPs (i.e., repetition with precoder/QCL/SRI-cycling) [4] (see Figure 1-3) are compared. 
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(a) PDSCH BLER					(b) PUSCH BLER
Fig. 1-2	DL/UL BLER performance for Case 1.

Table 1-1.	PDSCH configurations for {no. of RBs, no. of symbols, MCS index, DMRS config}
	
	PDSCH 1
	PDSCH 2
	PDSCH 3
	PDSCH 4

	No. of RBs
	62 RBs
	48 RBs
	45 RBs

	No. of symbols
	4 symbols
	2 x 2 symbols
	4 symbols
	2 x 2 symbols

	MCS index
	0
	4
	3
	7

	DMRS config
	Type1, 1 symbol

	Repetition over multiple TRPs
	No
	Yes
	No
	Yes



Table 1-2.	PUSCH configurations for {no. of RBs, no. of symbols, MCS index, DMRS config}
	
	PUSCH 1
	PUSCH 2
	PUSCH 3
	PUSCH 4
	PUSCH 5
	PUSCH 6

	No. of RBs
	36 RBs
	31 RBs
	8 RBs

	No. of symbols
	8 symbols
	2 x 4 symbols
	8 symbols
	2 x 4 symbols
	8 symbols
	2 x 4 symbols 

	MCS index
	2
	5
	2
	6
	8
	12

	DMRS config
	2 symbols
	1 symbol
	1 symbol
	1 symbol
	1 symbol
	1 symbol

	Repetition over multiple TRPs
	No
	Yes
	No
	Yes
	No
	Yes
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Fig. 1-3	Repetition over multiple TRPs [4].

It is observed from these results that repetition over multiple TRPs alleviates the impact of blockage and offers significant performance gain over long-TTI transmission without TRP-cycling when the data is transmitted with the same/similar number of RBs. The required SNR for achieving BLER = 10-6 are summarized in Table 1-3. Among the evaluated PDSCH/PUSCH configurations, the cases where repetition over multiple TRPs can only achieve the BLER = 10-6 at the 5%-ile SINR values observed in Fig. 1-1. In order to achieve target BLER = 10-6 without repetition over multiple TRPs, further increasing no. of RBs, no. of symbols, and/or lowering coding rate, is/are necessary, which degrades spectral efficiency or latency.

Table 1-3.	Required SINR for achieving BLER = 10-6
	Channel
	No. of RBs
	Repetition
	Required SNR

	PDSCH
	62 RBs
	No 
	18 dB

	
	
	Rep over multiple TRPs
	4.5 dB

	
	48 RBs
	No 
	20 dB

	
	45 RBs
	Rep over multiple TRPs
	6 dB

	PUSCH
	36 RBs
	No 
	17 dB

	
	
	Rep over multiple TRPs
	3 dB

	
	31 RBs
	No 
	17 dB

	
	
	Rep over multiple TRPs
	3 dB

	
	8 RBs
	No 
	25 dB

	
	
	Rep over multiple TRPs
	18 dB



Assuming repetition over multiple TRPs is supported to overcome the blockage issue, UEs having 5%-ile SINR can achieve target BLER for PDSCH/PUSCH by the PDSCH/PUSCH configurations presented in Table 1-1/1-2. From this, the number of accommodated URLLC UEs can be roughly calculated, under the assumption that all URLLC UEs are scheduled with the PDSCH/PUSCH configurations presented in Table 1-1/1-2. Note that as we present in [5], it is not feasible to consider that URLLC case 1 can rely on HARQ re-transmission since HARQ RTT is not sufficiently shorter than the latency budget. Therefore, we assume the requirements on reliability and latency are satisfied with the single PDSCH/PUSCH transmission without relying on HARQ re-transmission.
For FR2, as per RAN4 agreements [6], we assume following two TDD UL-DL configurations (called TDD config FR2-A and FR2-B hereafter for convenience) as shown in Figure 1-4:
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(a) TDD config FR2-A: DDDSU, S=10D:2G:2U
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(b) TDD config FR2-B: DSUU, S=12D:2G
Fig. 1-4		TDD UL-DL configurations for Case 1.

For TDD config FR2-A, within 10ms cycle, there are 48 DL slots, 16 special slots, and 16 UL slots. For each DL slot, the number of PDSCHs having configuration of 62 RBs and 4 symbols (2x2-symbol) can be up to 3 (assuming 2 symbols are for PDCCH). For each special slot, the number of PDSCHs having configuration of 62 RBs and 4 symbols (2x2-symbol) can be up to 2 (also assuming 2 symbols are for PDCCH). Considering that the traffic arrival periodicity is 2ms, each UE need to have a PDSCH with equal to or less than 2ms period. Hence, the average number of DL UEs that can be accommodated in this cell assuming the above PDSCH configuration is roughly (3*6+2*2)*8/5~35. For each UL slot, the number of PUSCHs having configuration of 31 RBs and 8 symbols (either 1x8-symbol or 2x4-symbol) can be up to 2 (2 PUSCHs can be FDMed in the cell). Therefore, similar to DL, the average number of UL UEs that can be accommodated in this cell assuming the above PUSCH configuration is roughly 2*2*8/5~6.
For TDD config FR2-B, within 2ms cycle, there are 4 DL slots, 4 special slots, and 8 UL slots. For each DL slot, the number of PDSCHs having configuration of 62 RBs and 4 symbols (2x2-symbol) can be up to 3 (assuming 2 symbols are for PDCCH). For each special slot, the number of PDSCHs having configuration of 62 RBs and 4 symbols (2x2-symbol) can be up to 2 (also assuming 2 symbols are for PDCCH). Therefore, the average number of DL UEs that can be accommodated in this cell assuming the above PDSCH configuration is roughly (3*4+2*4)=20. Similar to DL, the average number of UL UEs that can be accommodated in this cell assuming the PUSCH configuration of 31 RBs and 8 symbols is roughly (2*8)=16.
Comparing TDD config FR2-A and TDD config FR2-B, FR2-B can accommodate larger number of UEs, since TDD config FR2-A has a bottleneck on UL capacity.
Observation 1:
· For Case 1 (factory automation @ 30GHz),
· 5%-ile DL SINR is 8.7dB, and 5%-ile UL SINR is 9.3dB.
· Repetition over multiple TRPs overcomes blockage and offers significant performance improvement (more than 10 dB) over single TRP transmission under the same spectral efficiency.
· With the typical TDD UL-DL configurations, the number of UEs that can be accommodated in the cells are following:
· TDD config FR2-A (DDDSU with S=10D:2G:2U): 35 UEs for DL, 6 UEs for UL
· TDD config FR2-B (DSUU with S=12D;2G): 20 UEs for DL, 16 UEs for UL

According to the evaluation assumption in TR38.824 [1], the layout of InH is 120m x 50m where 12 base stations are equidistantly deployed. Assuming TDD config FR2-B for example, the above observation shows there could be up to 16 UEs for each base station. Assuming all UEs are also equidistantly placed, each UE has about 31m2, which could be, e.g., 5m x 6m. 

Case 2: factory automation @ 4GHz
Figure 2-1 illustrates DL/UL SINR CDF in case 2. Simulation assumptions are aligned with TR 38.824 Section A2.2 Table A2.2-1 with 10m BS antenna height. For UL power control, =1 is assumed and multiple P0 values are evaluated. For DL, 5%-ile DL SINR is about -2.84dB. For UL, 5%-ile UL SINR when P0 is -90dBm is about -1.9dB. It is observed from UL SINR CDF that P0 change does not impact the distribution a lot. This implies that UEs are interference-limited.
[image: ][image: ]
(a) DL SINR						(b) UL SINR
Fig. 2-1	DL/UL SINR CDF for Case 2.

Figure 2-2 illustrates PDSCH/PUSCH BLER performances. Simulation assumptions are aligned with TR 38.824 Section A3 Table A.3-3 with TDL-C (DS = 100ns) and 4Tx/4Rx BS antenna ports. Configurations of {RBs, symbols, MCS, DMRS} for PDSDH/PUSCH are summarized in Table 2-1/2-2. Since this is FR1, blockage is not modelled. For both PDSCH and PUSCH, non-repetition and repetition over multiple TRPs [4] (see Fig. 1-3) are compared. 
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(a) PDSCH BLER					(b) PUSCH BLER
Fig. 2-2	DL/UL BLER performance for Case 2.

Table 2-1.	PDSCH configurations for {no. of RBs, no. of symbols, MCS index, DMRS config}
	
	PDSCH 1
	PDSCH 2
	PDSCH 3
	PDSCH 4

	No. of RBs
	101 RBs
	96 RBs
	48 RBs
	45 RBs

	No. of symbols
	4 symbols
	2 symbols x 2
	4 symbols
	2 symbols x 2

	MCS index
	0
	4
	3
	7

	DMRS config
	Type1, 1 symbol

	Repetition w/ TRP-cycling
	No
	Yes
	No
	Yes



Table 2-2.	PUSCH configurations for {no. of RBs, no. of symbols, MCS index, DMRS config}
	
	PUSCH 1
	PUSCH 2
	PUSCH 3
	PUSCH 4
	PUSCH 5
	PUSCH 6

	No. of RBs
	36 RBs
	31 RBs
	8 RBs

	No. of symbols
	8 symbols
	2 x 4 symbols
	8 symbols
	2 x 4 symbols
	8 symbols
	4 symbols x 2

	MCS index
	2
	5
	2
	6
	8
	12

	DMRS config
	2 symbols
	1 symbol
	1 symbol
	1 symbol
	1 symbol
	1 symbol

	Repetition w/ TRP-cycling
	No
	Yes
	No
	Yes
	No
	Yes



It is observed from these results that even without blockage, repetition over multiple TRPs improves the performance. The required SNR for achieving BLER = 10-6 are summarized in Table 2-3. Wideband transmission can achieve the target BLER with the 5%-ile SINR. However, it is still obvious that repetition over multiple TRPs offers extra performance gain and hence can reduce the necessary bandwidth of PDSCH/PUSCH. 
Table 2-3.	Required SINR for achieving BLER = 10-6
	Channel
	No. of RBs
	Repetition
	Required SNR

	PDSCH
	101 RBs
	No 
	-5.5 dB

	
	96 RBs
	Rep over multiple TRPs
	-6.8 dB

	
	48 RBs
	No 
	-2.8 dB

	
	45 RBs
	Rep over multiple TRPs
	-4.2 dB

	PUSCH
	36 RBs
	No 
	-4 dB

	
	
	Rep over multiple TRPs
	-4.8 dB

	
	31 RBs
	No 
	-3.5 dB

	
	
	Rep over multiple TRPs
	-4.5 dB

	
	8 RBs
	No 
	4.2 dB

	
	
	Rep over multiple TRPs
	1.5 dB



Same as for Case 1, the number of URLLC UEs that can be accommodated in the cell can be calculated for Case 2. For FR1, as per RAN4 agreements [6], we assume following two TDD UL-DL configurations (called TDD config FR1-A and FR1-B hereafter for convenience) as shown in Figure 2-3:
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(a) TDD config FR1-A: DDDDDDDSUU, S=6D:4G:4U
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(b) TDD config FR1-B: SU, S=12D:2G
Fig. 2-3	TDD UL-DL configurations for Case 2.

For TDD config FR1-A, within 10ms cycle, there are 14 DL slots, 2 special slots, and 4 UL slots. For each DL slot, the number of PDSCHs having configuration of 101 RBs and 4 symbols (2x2-symbol) can be up to 3 (assuming 2 symbols are for PDCCH). For each special slot, the number of PDSCHs having configuration of 101 RBs and 4 symbols (2x2-symbol) can be up to 1 (also assuming 2 symbols are for PDCCH). Considering that the traffic arrival periodicity is 2ms, each UE need to have a PDSCH with equal to or less than 2ms period. Hence, the average number of DL UEs that can be accommodated in this cell assuming the above PDSCH configuration is roughly (3*7+1*1)*2/5~8. For each UL slot, the number of PUSCHs having configuration of 31 RBs and 8 symbols (either 1x8-symbol or 2x4-symbol) can be up to 3 (3 PUSCHs can be FDMed in the cell). Therefore, similar to DL, the average number of UL UEs that can be accommodated in this cell assuming the above PUSCH configuration can be calculated as 3*2*2/5~2. However, TDD config FR1-A does not have UL resource with 2ms periodicity or shorter. Hence, depending on traffic arrival timing, UL latency cannot be satisfied. Therefore, it can be said that TDD config FR1-A is not appropriate for Case 2. Note that with repetition over multiple TRPs, PDSCH with 45 RBs with 2x2-symbol can satisfy target BLER at 5%-ile SINR. PDSCH with 45 RBs can be FDMed in the 100MHz carrier. Therefore, the number of DL UEs can be doubled by using repetition with TRP-cycling. Although this effect is not visible by the set of PUSCH configurations in the evaluation, the same effect is obviously achievable for UL.
For TDD config FR1-B, within 2ms cycle, there are 2 special slots and 2 UL slots. For each special slot, the number of PDSCHs having configuration of 101 RBs and 4 symbols (2x2-symbol) can be up to 2 (assuming 2 symbols are for PDCCH). Therefore, the average number of DL UEs that can be accommodated in this cell assuming the above PDSCH configuration is roughly 2*2=4. Similar to DL, the average number of UL UEs that can be accommodated in this cell assuming the PUSCH configuration of 31 RBs and 8 symbols is roughly 3*2=6. Same as for TDD config FR1-A, repetition over multiple TRPs can improve the spectral efficiency and can accommodate more UEs in the cell.
Observation 2:
· For Case 2 (factory automation @ 4GHz),
· 5%-ile DL SINR is -2.84dB, and 5%-ile UL SINR is -1.9dB.
· Repetition over multiple TRPs offers performance improvement (at least 1dB) over single TRP transmission under the same spectral efficiency.
· With the typical TDD UL-DL configurations, the number of UEs that can be accommodated in the cells are following:
· TDD config FR1-A (DDDDDDDSUU with S=6D:4G:4U): 17 UEs for DL, 2 UEs for UL
· Note: UL cycle is beyond 2ms and hence UL latency requirement cannot be satisfied
· TDD config FR1-B (SU with S=12D;2G): 4 UEs for DL, 6 UEs for UL
· Repetition over multiple TRPs can further improve the number of accommodated UEs

According to the evaluation assumption in TR38.824, the layout of InH is 120m x 50m where 12 base stations are equidistantly deployed. Assuming TDD config FR1-B for example, the above observation shows there could be up to 4 UEs for each base station. Assuming all UEs are also equidistantly placed, each UE has about 125m2, which could be, e.g., 11m x 11m.

Comparing Case 1 and Case 2, it is observed that Case 1 can accommodate larger number of UEs over Case 2. This exhibits FR2 is also attractive to support factory automation type of services. On the other hand, this is under the assumption that appropriate beamforming operation is performed. This requires accurate UE feedback regarding CSI and beam and reliable NW beamforming/link-adaptation. However, since factory automation scenario cannot fully rely on HARQ re-transmission, conservative scheduling strategy would be preferable. Therefore, it would also be feasible to consider that NW may schedule UEs with fixed MCS determined by 5%-ile SINR and perform precoder/beam/TRP-cycling.
Observation 3:
· Case 1 (factory automation @ 30GHz) can accommodate larger number of UEs over Case 2 (factory automation @ 4GHz).
· For Case 1, repetition over multiple TRPs (precoder/QCL/SRI-cycling) would be necessary.

Case 3: Rel.15 enabled use-case in InH @ 4GHz
Figure 3-1 illustrates DL/UL SINR CDF in case 3. Simulation assumptions are aligned with TR 38.824 Section A.2.4 Table A.2.4-2. For UL power control, =1 is assumed and multiple P0 values are evaluated. For DL, 5%-ile DL SINR is about -3.13dB. For UL, 5%-ile UL SINR when P0 is -96dBm is about -2.19dB. It is observed from UL SINR CDF that P0 change does not impact the distribution a lot. This implies that UEs are interference-limited.
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(a) DL SINR						(b) UL SINR
Fig. 3-1	DL/UL SINR CDF for Case 3.

In Case 3, traffic is non-deterministic and non-periodic. Since the size of a packet is relatively large (4 KB), each packet is mostly segmented into multiple data channels. In addition, latency bound is relatively large and therefore, it is possible to rely on HARQ re-transmission. Considering these facts, it is difficult to analyse the performance by SINR CDF + LLS. Therefore, we conduct system-level simulation. 
For the system-level simulation, a particular traffic arrival rate for each UE is assumed, and the number of UEs is changed to see the impact of RU on outage probability. For typical network, RU may not be so large (e.g., not more than 60%), since operators control/adjust the deployment so that RU of each cell becomes an affordable value. Here, we found traffic arrival rate such that when the number of UEs in a cell is 5, RU is not exceeding 40%, which are 0.185 for DL and 0.145 for UL. Table 3-1/3-2 summarizes RU, outage probability, and cell load as a function of the number of UEs.

Table 3-1.	DL RU [%], outage probability [%], and cell load [Mbps], for the given number of UEs
	No. of UEs
	1
	2
	3
	4
	5

	RU [%]
	5.37
	11.77
	18.63
	26
	33.8

	Outage prob [%]
	2.5
	2
	3.1
	3.57
	8.33

	Cell load [Mbps]
	3.0298
	6.0591
	9.0905
	12.1256
	15.1433



Table 3-2.	UL RU [%], outage probability [%], and cell load [Mbps], for the given number of UEs
	No. of UEs
	1
	2
	3
	4
	5

	RU [%]
	4.95
	10.49
	16.80
	24.93
	32.75

	Outage prob [%]
	0
	0
	0
	2.23
	23.33

	Cell load [Mbps]
	2.3768
	4.7530
	7.1319
	9.5082
	11.8517



From Table 3-1/3-2, outage probability is plotted as a function of cell load and RU in Fig. 3-2/3-3, respectively. When the number of UEs is small (e.g., 1), the outage probability is well controlled under 5%. On the other hand, when the number of UEs is large (e.g., 5), the outage probability exceeds 5%. From these, it can be said that Case 3 requirements can be satisfied as long as resources are available without additional latency caused by blocking among UEs; while blocking is a critical factor to exceed target outage probability. Fig 3-2/3-3 shows that with the target outage probability 5%, DL cell load can be up to 13Mbps and DL RU can be up to 28%, and UL cell load can be up to 9.8Mbps and UL RU can be up to 25%.
[image: ]
Fig. 3-2	Outage probability as a function of cell load for Case 3.
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Fig. 3-3	Outage probability as a function of RU for Case 3.

Observation 4:
· For Case 3 (Rel.15 enabled use-case in InH @ 4GHz), 
· For 4KB packet with the requirements of 99.9% and 7ms air-interface latency, with the target outage probability of 5%;
· DL cell load can be up to 13Mbps and DL RU can be up to 28%
· UL cell load can be up to 9.8Mbps and UL RU can be up to 25%

Case 4: Rel.15 enabled use-case in UMa @ 4GHz
Figure 4-1 illustrates DL/UL SINR CDF in case 4. Simulation assumptions are aligned with TR 38.824 Section A.2.4 Table A.2.4-1. For UL power control, =1 and P0 = -106dBm are assumed. For urban macro at relatively high carrier frequency, it is expected that the SINR CDF is very low, due to penetration/path/shadowing losses. Therefore, for Case 4, we assume SINR measurement using 20MHz bandwidth. From the results, it is observed that DL SINR CDF is getting better as tilt value increases, while UL SINR CDF is getting worse. This implies that DL is interference-limited, while UL is power-limited due to penetration/path/shadowing losses. With tilt = 94 degree, 5%-ile DL SINR is about -2.34dB, and 5%-ile UL SINR is about -7.45dB. This shows that the UL SINR is very low in Case 4 and some means are necessary to improve the coverage. Since the latency requirement is very tight for Case 4, the available means are limited; for example, beamforming, smaller ISD (= denser deployment), etc.
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(a) DL SINR						(b) UL SINR
Fig. 4-1	DL/UL SINR CDF for Case 4.

Observation 5:
· For Case 4 (Rel.15 enabled use-case in UMa @ 4GHz), 
· 5%-ile DL SINR is -2.34dB and 5%-ile UL SINR is -7.45dB
· UL is power-limited due to penetration/path/shadowing losses and some means to improve the SINR CDF would be necessary

Case 5: Power distribution in UMa @ 700MHz
Figure 5-1 illustrates DL/UL SINR CDF in case 5. Simulation assumptions are aligned with TS 38.824 Section A.2.1 Table A.2.1-2 with 10MHz bandwidth for DL and 10MHz bandwidth for UL. For UL power control, =1 is assumed and multiple P0 values are evaluated. Down tilt is fixed to 99 degree. For DL, 5%-ile DL SINR is about -1.93dB. For UL, 5%-ile UL SINR when P0 is -96dBm is about -1.16dB. It is observed from UL SINR CDF that increasing P0 value improves higher range of UL SINR CDF, while degrades lower range of UL SINR CDF. This implies that cell-edge UEs are interference-limited.
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(a) DL SINR						(b) UL SINR
Fig. 5-1 	DL/UL SINR CDF for Case 4.

Observation 6:
· For Case 5 (power distribution in UMa @ 700MHz), 
· 5%-ile DL SINR is -1.93dB and 5%-ile UL SINR is -1.16dB

3. Conclusion
Observation 1:
· For Case 1 (factory automation @ 30GHz),
· 5%-ile DL SINR is 8.7dB, and 5%-ile UL SINR is 9.3dB.
· Repetition over multiple TRPs overcomes blockage and offers significant performance improvement (more than 10 dB) over single TRP transmission under the same spectral efficiency.
· With the typical TDD UL-DL configurations, the number of UEs that can be accommodated in the cells are following:
· TDD config FR2-A (DDDSU with S=10D:2G:2U): 35 UEs for DL, 6 UEs for UL
· TDD config FR2-B (DSUU with S=12D;2G): 20 UEs for DL, 16 UEs for UL
Observation 2:
· For Case 2 (factory automation @ 4GHz),
· 5%-ile DL SINR is -2.84dB, and 5%-ile UL SINR is -1.9dB.
· Repetition over multiple TRPs offers performance improvement (at least 1dB) over single TRP transmission under the same spectral efficiency.
· With the typical TDD UL-DL configurations, the number of UEs that can be accommodated in the cells are following:
· TDD config FR1-A (DDDDDDDSUU with S=6D:4G:4U): 17 UEs for DL, 2 UEs for UL
· Note: UL cycle is beyond 2ms and hence UL latency requirement cannot be satisfied
· TDD config FR1-B (SU with S=12D;2G): 4 UEs for DL, 6 UEs for UL
· Repetition over multiple TRPs can further improve the number of accommodated UEs
Observation 3:
· Case 1 (factory automation @ 30GHz) can accommodate larger number of UEs over Case 2 (factory automation @ 4GHz).
· For Case 1, repetition over multiple TRPs (precoder/QCL/SRI-cycling) would be necessary.
Observation 4:
· For Case 3 (Rel.15 enabled use-case in InH @ 4GHz), 
· For 4KB packet with the requirements of 99.9% and 7ms air-interface latency, with the target outage probability of 5%;
· DL cell load can be up to 13Mbps and DL RU can be up to 28%
· UL cell load can be up to 9.8Mbps and UL RU can be up to 25%
Observation 5:
· For Case 4 (Rel.15 enabled use-case in UMa @ 4GHz), 
· 5%-ile DL SINR is -2.34dB and 5%-ile UL SINR is -7.45dB
· UL is power-limited due to penetration/path/shadowing losses and some means to improve the SINR CDF would be necessary
Observation 6:
· For Case 5 (power distribution in UMa @ 700MHz), 
· 5%-ile DL SINR is -1.93dB and 5%-ile UL SINR is -1.16dB
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