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In RAN4 #99-e meeting it was agreed to further analyse applicability of existing 256QAM Rank 1, 6QAM Rank 2 and 16QAM Rank 1 with Enhanced receiver type 1 requirements to 47GHz bands [1]. In this paper we provide corresponding evaluations with agreed simulation assumptions and discuss requirements applicability based on the obtained results. 
Discussion
Previously, it was agreed that a phase noise (PN) compensation technique is up to UE implementation for link-level analysis. For OFDM modulation, PN leads to a Common Phase Error (CPE) shift for all subcarriers in the signal spectrum and to orthogonality loss over subcarriers due to the Inter Carrier Interference (ICI) effect.
In this case two different UE implementations can be considered: with only common phase error correction (CPE correction) and with CPE correction + ICI compensation. 
The CPE can be estimated by PTRS and fully corrected by de-rotation in frequency domain of all the subcarriers by the estimated phase error. This compensation algorithm has relatively simple implementation. On the other hand, the estimation and compensation of the PN induced ICI is much more complex since conventional algorithms assume PN spectrum/realization estimation and further filtering of it from a useful signal.
Observation #1: De-ICI filtering has higher implementation complexity compared to CPE correction.
In Table 1 we summarized performance difference between simple CPE correction and de-ICI filtering at 29 and 39 GHz carrier frequencies:
Table 1. Demodulation performance difference between CPE correction and de-ICI filtering at 70% @max throughput 
	Scenario
	256QAM
	Rank 2 64QAM
	Enhanced Receiver type 1 

	29 GHz
	0.6
	0.1
	0.1

	39 GHz
	0.1
	0.4
	0.4

	47 GHz
	1
	0.8
	0.8


 
Observation #2: De-ICI filtering leads to small performance improvement compared to simple CPE correction for 29 and 39 GHz carrier frequencies:
· 0.6 dB and 0.1 dB gain for 29 and 39 GHz CF respectively for TS 38.101-4 Table 7.2.2.2.1-3 Test 1-4
· 0.1 dB and 0.4 dB gain for 29 and 39 GHz CF respectively for TS 38.101-1 Table 7.2.2.2.1-4 Test 2-6
· 0.1 dB and 0.4 dB gain for 29 and 39 GHz CF respectively for TS 38.101-4 Table 7.2.2.2.1-5 Test 3-1

As we see, performance gains of de-ICI filtering are quite small for at least carrier frequencies less than 39 GHz. In addition, it leads to higher UE complexity. Therefore, as a minimum UE implementation we should assume only CPE correction. Implementation of enhanced algorithms to reduce PN ICI should be up to UE implementation. 
Proposal #1: 	Consider only CPE correction algorithm as a minimum UE implementation for PN compensation.



In Figure 1 we provide simulation results for the agreed requirements on verification: 256QAM Rank 1, 6QAM Rank 2 and 16QAM Rank 1 with Enhanced receiver type 1. UE with ICI correction and without was considered. Performance comparison at 39GHz vs 47 GHz carrier frequency is provided. Phase noise model Example 2 from TR 38.803 was assumed for evaluations. The differences at 70% max throughput between 39GHz and 47GHz scenarios are summarized in Table 2.
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	Figure 1. Demodulation performance at 39GHz and 47GHz carrier frequencies with PN model Example 2 from TR 38.803



Table 2. Demodulation performance difference between 39GHz and 47 GHz at 70% @max throughput 
	Scenario
	256QAM
 (Test 1-4)
	Rank 2 64QAM 
(Test 2-6)
	Enhanced Receiver type 1 (Test 3-1)

	Performance difference with CPE correction, dB
	1.4
	0.6
	0.7

	Performance difference with CPE correction + ICI filtering, dB
	0.5
	0.2
	0.3



Observation #1: There is a not a negligible performance difference between scenarios with 39GHz and 47 GHz carrier frequencies for the considered test cases with CPE only correction:
· 1.4 dB difference is observed for TS 38.101-4 Table 7.2.2.2.1-3 Test 1-4
· 0.6 dB difference is observed for TS 38.101-1 Table 7.2.2.2.1-4 Test 2-6
· 0.7 dB difference is observed for TS 38.101-4 Table 7.2.2.2.1-5 Test 3-1
As we discussed above, de-ICI filtering approach should not be considered as a minimum implementation due to its complexity and non-obvious performance gains compared to CPE only correction. In this case additional performance margins should be assumed to apply current performance requirements to 47GHz bands. 
1.5 dB margin will be enough for 256QAM requirements and 1 dB for Rank 2 64QAM and Enhanced receiver type 1 requirements.
Proposal #2: 	Consider 1 dB additional margin for TS 38.101-4 Table 7.2.2.2.1-4 Test 2-6 and TS 38.101-4 Table 7.2.2.2.1-5 Test 3-1 to extend applicable carrier frequency range for 47GHz bands. 
Proposal #3: 	Consider 1.5 dB additional margin for TS 38.101-4 Table 7.2.2.2.1-3 Test 1-4 to extend applicable carrier frequency range for 47GHz bands. 
In the Annex section we provide a possible TP to extend applicable carrier frequency range to 47GHz for UE performance requirements. 
Conclusion
In this paper we have provided our view on demodulation performance requirements extension to 47GHz frequency bands. In summary we made the following proposals:
Proposal #1: 	Consider only CPE correction algorithm as a minimum UE implementation for PN compensation.
Proposal #2: 	Consider 1 dB additional margin for TS 38.101-4 Table 7.2.2.2.1-4 Test 2-6 and TS 38.101-4 Table 7.2.2.2.1-5 Test 3-1 to extend applicable carrier frequency range for 47GHz bands. 
Proposal #3: 	Consider 1.5 dB additional margin for TS 38.101-4 Table 7.2.2.2.1-3 Test 1-4 to extend applicable carrier frequency range for 47GHz bands. 
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[bookmark: _Toc21338266][bookmark: _Toc29808374][bookmark: _Toc37068293][bookmark: _Toc37083838][bookmark: _Toc37084180][bookmark: _Toc40209542][bookmark: _Toc40209884][bookmark: _Toc45892843][bookmark: _Toc53176708][bookmark: _Toc61121021][bookmark: _Toc67918207][bookmark: _Toc76298251][bookmark: _Toc76572263][bookmark: _Toc76652130][bookmark: _Toc76652968]7.1.1.1	General
The minimum performance requirements are applicable to the FR2 operating bands defined in TS 38.101-2 [7] with FDL_high not exceeding 48200 MHz, except test cases listed in Clause 7.1.1.6 that are applicable with additional performance margin listed in Table 7.1.1.6-1
The minimum performance requirements in Clause 7 are mandatary for UE supporting NR operation, except test cases listed in Clause 7.1.1.3, 7.1.1.4, 7.1.1.5.
If same test is listed for different UE features/capabilities in Clauses 7.1.1.3 and 7.1.1.4, then this test shall apply for UEs which support all corresponding UE features/capabilities.

[bookmark: _Hlk71138278][bookmark: _Hlk71138463]7.1.1.6	Applicability of requirements for operating bands
[bookmark: _Hlk71138765]The applicability rules for FR2 operating bands are specified in Table 7.1.1.6-1. 
Table 7.1.1.6-1: Requirements applicability for operating bands
	Test type
	Test list
	Applicability notes

	FR2 TDD
	PDSCH
	Clause 7.2.2.2.1-3 Test 1-4
	The requirements are applicable for band n262 with additional margin as 1.5 dB

	FR2 TDD
	PDSCH
	Clause 7.2.2.2.1-4 Test 2-6
Clause 7.2.2.2.1-5 Test 3-1
	The requirements are applicable for band n262 with additional margin as 1 dB
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