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Background
The WI NR extension to 71GHz has been almost closed from RAN 1 side. In this paper, we will provide our general views on how to define the corresponding UE requirements.
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General 
Bandwidth 
According to RAN 4 agreements in [1], channel bandwidths for NR extension to 71GHz band have been defined as follows:
· For 120 kHz SCS: support bandwidth with 100 MHz (min), 400MHz (max)
· For 480 kHz SCS: support bandwidth with 400 MHz (min), 800MHz and 1600MHz (max)
· For 960 kHz SCS: support bandwidth with 400MHz (min), 800MHz, 1600MHz and 2000MHz (max)
We propose to define the max bandwidth for each SCS to reduce the test numbers, however, the number of maximum transmission RBs is still under discussion in RF part, we propose to keep it open until there are corresponding agreements from RF team.
Proposal 1:  Define the UE requirements for max bandwidth for each SCS. i.e. 400 MHz for 120 kHz SCS, 1600 MHz for 480 kHz and 2000 MHz for  960 kHz.
Proposal 2: Keep the number of transmission RBs open until there are corresponding agreements from RF team.
LBT model
Based on our understanding, LBT failure has no impact on performance. Therefore, we propose to follow Rel-16 NR-U and not consider LBT failure on this WI.
Proposal 3:  Not consider LBT failure for PUSCH, PUCCH and PRACH cases.
PUSCH requirements
SCS
Based on the agreements from RAN 1, two new features have been introduced for PUSCH in FR2-2: New SCS and multi-TB scheduling. Based on our understanding, multi-TB has no impact on performance and static scheduling is used in RAN4 PUSCH cases, therefore we prefer not to consider multi-TB scheduling.
For PUSCH in FR2-2, three different SCSs 120 kHz, 480 kHz and 960 kHz are supported. Requirements for 120 kHz SCS has been defined in existing spec, however, this requirements can’t be reused for band above 52.6 GHz since PN noise is larger. Therefore, we propose to define the requirements for 120 kHz SCS to verify UE’s capability to mitigate large phase noise. For 480 kHz/960 kHz SCS, since these are new SCSs, we propose to define the corresponding performance to verify the channel estimation performance under such high SCS.
Proposal 4: Define PUSCH requirements for 120 kHz, 480 kHz and 960 kHz
Phase noise model 
In FR2-1, 120 kHz is supported for both data/control channel.  CPE dominates the negative effect of phase noise, which can be effectively estimated on the PTRS designed in Rel-15. However, for the frequency band above 52.6GHz, the influence of phase noise is larger than that below 52.6GHz, hence both the CPE and ICI become more severe, which in turn lead to a decrease in the demodulation performance. RAN 1 has studied ICI impact on demodulation performance caused phase noise and many ICI compensation algorithms by using PN model example 2 defined in TS 38.803 as baseline.  Based on our understanding, PN model example 2 can be reused for RAN 4 for requirement definition. Moreover, considering ICI is a non-negligible factor affecting performance especially for lower SCS such as 120 kHz for band above 52.6GHz, we think it is necessary to verify BS’s capability to mitigate it.
Proposal 5: Define PUSCH performance requirements by using PN model example 2 defined in TS 38.803 
Proposal 6: Define PUSCH performance requirements by using ICI compensation
PRACH enhancement
Sequence length 
Table 1 is the summary of supported PRACH sequence length with different SCS on band above 52.6GHz. From the point of reducing test numbers, we propose to only define the max supported sequence length for different SCS.
Table 1: Supported PRACH sequence length with different SCS on band above 52.6GHz
	Support or not
	120kHz SCS
	480kHz SCS
	960kHz SCS

	LRA=139
	Yes
	Yes
	Yes

	LRA=571
	Yes
	Yes
	No

	LRA=1151
	Yes
	No
	No



Format
As for PRACH format, we propose to follow the procedure of Rel-16 NR-U. i.e. Only consider A2, B4 and C2.  
Propagation conditions:
As for propagation conditions, we propose to follow Rel-15 and consider both AWGN and TDLA30-300. 
Antenna configuration:
For antenna configurations, we propose to reuse Rel-15: 1T2R
Frequency offset
For frequency offset, 0.1PPM* center frequency is always considered as baseline. For minimum requirements definition, we propose consider the maximum possible frequency offset: 0.1*71GHz=7100Hz.
Test metric
Test metric from Rel-15 can be reused. As for time tolerance, procedure of Rel-15 can be reused. i.e. Time error tolerance for TDLA30-300=Time error tolerance for AWGN + maximum delay for TDLA30-300. It is noted that the last path was ignored in Rel-15 PRACH requirements definition and we propose to follow this way. For Time error tolerance for AWGN, values in Table 11.4.2.2-1 can be used as baseline and scaling can be used for 480 kHz and 960 kHz SCS. After the calculation, we propose to use assumptions in Table 2:
Table 2: Time error tolerance for AWGN and TDLA30-300
	PRACH 
	PRACH SCS 
	Time error tolerance

	preamble
	(kHz)
	AWGN
	TDLA30-300

	A2, B4, C2
	120
	0.07 us
	0.22 us

	
	480
	0.02 us
	0.17 us

	
	960
	0.01 us
	0.16us



Proposal 7: Define the requirements for PRACH operating in FR2-2 with following cases:
· SCS: 120 kHz; Format: A2, B4 and C2; LRA: 1151; Propagation conditions: AWGN and TDLA30-300
· SCS: 480 kHz; Format: A2, B4 and C2, LRA: 571; Propagation conditions: AWGN and TDLA30-300
· SCS: 960 kHz; Format: A2, B4 and C2, LRA: 139; Propagation conditions: AWGN and TDLA30-300 
Proposal 8: Reuse test metric of Rel-15 and use assumptions in Table 2 as time error tolerance.
PUCCH enhancement
Based on the agreements from RAN 1, two main features have been defined from RAN 1: New SCSs such as 480 kHz, 960 kHz and allocation of contiguous RBs for PF0/1/4. For PF0/1/4, there are at most 16 continuous RBs can be configured. We have defined requirements for PF0/1/4 for single RB allocation in Rel-15 and interlaced allocation in Rel-16. However, unlike to interlaced allocation in NR-U, one big difference for PF0/1 in the band above 52.6GHz is single sequence equal to the total number of mapped REs of the PUCCH resources is used. (In Rel-16 NR-U repeated sequences with different CS are used) Therefore, we think it is necessary to define the performance requirements for PF0/1/4 with continuous RBs allocation. For new SCSs, we propose to only define the requirements for PF2/3 with 480 kHz and 960 kHz since requirements for 120 kHz has been defined in existing spec and there are no other enhancement.
In sum, we propose to define the following requirements for PUCCH:
· PF0/1/4: 120kHz, 480 kHz, 960 kHz for contiguous RB allocations
· PF2/3: 480kHz, 960 kHz
We propose to define following cases as start point to discuss.
· PF0:
· 120 kHz, NRB=10, 1 OFDM symbol without hopping 1T2R, TDLA30-300 Low
· 120 kHz, NRB=10, 2 OFDM symbol with hopping 1T2R, TDLA30-300 Low
· 480 kHz, NRB=10, 1 OFDM symbol without hopping 1T2R，TDLA30-300 Low
· 480 kHz, NRB=10, 2 OFDM symbol with hopping 1T2R，TDLA30-300 Low
· 960 kHz NRB=10, 1 OFDM symbol without hopping 1T2R，TDLA30-300 Low
· 960 kHz NRB=10, 2 OFDM symbol with hopping 1T2R，TDLA30-300 Low
· PF1:
· 120 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R，TDLA30-300 Low
· 480 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R, TDLA30-300 Low
· 960 kHz NRB=10, 14 OFDM symbol with hopping 1T2R, TDLA30-300 Low
· PF2:
· 480 kHz, NRB=9, 2 OFDM symbol, 1T2R，TDLA30-300 Low, UCI bits:22bit
· 960 kHz NRB=9,  2 OFDM symbol , 1T2R，TDLA30-300 Low, UCI bits:22bit
· PF3
· 480 kHz, NRB=3, 4 OFDM symbol, 1T2R，TDLA30-300 Low, UCI bits:16bit
· 960 kHz NRB=3,  4 OFDM symbol , 1T2R，TDLA30-300 Low, UCI bits:16bit
· PF4:
· 120 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R，TDLA30-300 Low, UCI bits: 22 bits with polar coding/ Other UCI bits less than 11 with RM coding, OCC length=2.
· 480 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R，TDLA30-300 Low, UCI bits: 22 bits with polar coding/ Other UCI bits less than 11 with RM coding, OCC length=2
· 960 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R，TDLA30-300 Low, UCI bits: 22 bits with polar coding/ Other UCI bits less than 11 with RM coding, OCC length=2.
Proposal 9: Use following assumptions as start point to discuss for PUCCH requirements definition:
· PF0:
· 120 kHz, NRB=10, 1 OFDM symbol without hopping 1T2R, TDLA30-300 Low
· 120 kHz, NRB=10, 2 OFDM symbol with hopping 1T2R, TDLA30-300 Low
· 480 kHz, NRB=10, 1 OFDM symbol without hopping 1T2R，TDLA30-300 Low
· 480 kHz, NRB=10, 2 OFDM symbol with hopping 1T2R，TDLA30-300 Low
· 960 kHz NRB=10, 1 OFDM symbol without hopping 1T2R，TDLA30-300 Low
· 960 kHz NRB=10, 2 OFDM symbol with hopping 1T2R，TDLA30-300 Low
· PF1:
· 120 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R，TDLA30-300 Low
· 480 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R, TDLA30-300 Low
· 960 kHz NRB=10, 14 OFDM symbol with hopping 1T2R, TDLA30-300 Low
· PF2:
· 480 kHz, NRB=9, 2 OFDM symbol, 1T2R，TDLA30-300 Low, UCI bits:22bit
· 960 kHz NRB=9,  2 OFDM symbol , 1T2R，TDLA30-300 Low, UCI bits:22bit
· PF3
· 480 kHz, NRB=3, 4 OFDM symbol, 1T2R，TDLA30-300 Low, UCI bits:16bit
· 960 kHz NRB=3,  4 OFDM symbol , 1T2R，TDLA30-300 Low, UCI bits:16bit
· PF4:
· 120 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R，TDLA30-300 Low, UCI bits: 22 bits with polar coding/ Other UCI bits less than 11 with RM coding, OCC length=2.
· 480 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R，TDLA30-300 Low, UCI bits: 22 bits with polar coding/ Other UCI bits less than 11 with RM coding, OCC length=2
· 960 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R，TDLA30-300 Low, UCI bits: 22 bits with polar coding/ Other UCI bits less than 11 with RM coding, OCC length=2.
Conclusion
In this contrition, we provide our general views on BS requirements for NR extension to 71GHz band. The proposals are:
Proposal 1:  Define the UE requirements for max bandwidth for each SCS. i.e. 400 MHz for 120 kHz SCS, 1600 MHz for 480 kHz and 2000 MHz for  960 kHz.
Proposal 2: Keep the number of transmission RBs open until there are corresponding agreements from RF team.
Proposal 3:  Not consider LBT failure for PUSCH, PUCCH and PRACH cases.
Proposal 4: Define PUSCH requirements for 120 kHz, 480 kHz and 960 kHz
Proposal 5: Define PUSCH performance requirements by using PN model example 2 defined in TS 38.803 
Proposal 6: Define PUSCH performance requirements by using ICI compensation
Proposal 7: Define the requirements for PRACH operating in FR2-2 with following cases:
· SCS: 120 kHz; Format: A2, B4 and C2; LRA: 1151; Propagation conditions: AWGN and TDLA30-300
· SCS: 480 kHz; Format: A2, B4 and C2, LRA: 571; Propagation conditions: AWGN and TDLA30-300
· SCS: 960 kHz; Format: A2, B4 and C2, LRA: 139; Propagation conditions: AWGN and TDLA30-300 
Proposal 8: Reuse test metric of Rel-15 and use assumptions in Table 2 as time error tolerance.
Proposal 9: Use following assumptions as start point to discuss for PUCCH requirements definition:
· PF0:
· 120 kHz, NRB=10, 1 OFDM symbol without hopping 1T2R, TDLA30-300 Low
· 120 kHz, NRB=10, 2 OFDM symbol with hopping 1T2R, TDLA30-300 Low
· 480 kHz, NRB=10, 1 OFDM symbol without hopping 1T2R，TDLA30-300 Low
· 480 kHz, NRB=10, 2 OFDM symbol with hopping 1T2R，TDLA30-300 Low
· 960 kHz NRB=10, 1 OFDM symbol without hopping 1T2R，TDLA30-300 Low
· 960 kHz NRB=10, 2 OFDM symbol with hopping 1T2R，TDLA30-300 Low
· PF1:
· 120 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R，TDLA30-300 Low
· 480 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R, TDLA30-300 Low
· 960 kHz NRB=10, 14 OFDM symbol with hopping 1T2R, TDLA30-300 Low
· PF2:
· 480 kHz, NRB=9, 2 OFDM symbol, 1T2R，TDLA30-300 Low, UCI bits:22bit
· 960 kHz NRB=9,  2 OFDM symbol , 1T2R，TDLA30-300 Low, UCI bits:22bit
· PF3
· 480 kHz, NRB=3, 4 OFDM symbol, 1T2R，TDLA30-300 Low, UCI bits:16bit
· 960 kHz NRB=3,  4 OFDM symbol , 1T2R，TDLA30-300 Low, UCI bits:16bit
· PF4:
· 120 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R，TDLA30-300 Low, UCI bits: 22 bits with polar coding/ Other UCI bits less than 11 with RM coding, OCC length=2.
· 480 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R，TDLA30-300 Low, UCI bits: 22 bits with polar coding/ Other UCI bits less than 11 with RM coding, OCC length=2
· 960 kHz, NRB=10, 14 OFDM symbol with hopping 1T2R，TDLA30-300 Low, UCI bits: 22 bits with polar coding/ Other UCI bits less than 11 with RM coding, OCC length=2.

