


3GPP TGS-RAN WG4 Meeting #98-Bis-e	R4-2107342
Electronic Meeting, April 12 – 20, 2021

Agenda item:	8.12.4.1
Source:	Intel Corporation
Title:	UE RF Tx requirements for NR extension to 71GHz
Document for:	Discussion
1	Introduction
[bookmark: _Hlk61608935]Driven by potential opportunities for higher data rates, RAN approved a Rel-16 study on NR beyond 52.6 GHz [1]. With the study completed [2], several RAN working groups are now focusing on the new Rel-17 work item to extend the current NR operation to 71GHz [3]. RAN4 objectives revolve around defining core specification for UE, gNB and RRM requirements. Additionally, band plans for the frequency range is also in our scope.

· [bookmark: _Hlk68144688]Core specifications for UE, gNB and RRM requirements [RAN4]:
· Specify new band(s) for the frequency range from 52.6GHz-71GHz. The band(s) definition should include UL/DL operation and excludes ITS spectrum in this frequency range.
· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 1). 
· Specify RRM/RLM/BM core requirements.
Note 1: The WI can be completed provided requirements for at least one band combination involving a new NR-U band is specified as long as it is in line with country-specific regulatory directives.
Note 2: UEs supporting a band in the range of 52.6GHz-71GHz are not required to support 480kHz SCS and 960kHz SCS.
Note 3: The maximum FFT size required to operate the system in 52.6GHz-71GHz frequency is 4096, and the maximum of RBs per carrier is 275 RBs.
Note 4: the system is designed to support both single-carrier and multi-carrier operation.
[bookmark: _Hlk58594589][bookmark: _Hlk68144727][bookmark: _Hlk68207188]Note 5: RAN plenary will decide whether new FR (e.g. FR3) shall be defined for the frequency range from 52.6GHz-71GHz or the existing FR2 shall be extended to cover frequency range from 52.6GHz-71GHz.



As work on RF and RRM core specifications is set to start in this RAN4 meeting, in this paper we focus on identifying the RF Tx requirement scope for this frequency range. We also highlight some aspects to discuss before we can fully dive into the core requirement discussions. Finally, this paper addresses the RAN1 LS on beam switching gap for 60 GHz band [4] and provides a draft reply LS to RAN1.
2	Discussion
While it is still unknown if the 52.6 to 71 GHz frequency range will be part of FR2 or a new FR, we do know that its requirements will be radiated. Therefore, we can use the work done in FR2 as reference for our UE RF discussions. In the upcoming section, we use TS38.101-2 to identify the Tx requirements needed for this range.

Observation 1: As the requirements for the 52.6 to 71GHz frequency range will be radiated, we can use the requirements in TS38.101-2 as reference in our discussion.

2.1	Tx requirement scope
Overall, radiated requirements are either general, band-specific or specified per power class. We are aiming to identify the requirements that are band-specific and will be impacted by the increase in frequency, and power class dependent. A similar approach has been used in FR2 as new bands were introduced, most recently with band n262 [5]. Table 1 captures the relevant band-specific and power class dependent Tx requirements.

Table 1. Tentative Tx requirement scope for 52.6 to 71GHz frequency range
	Requirement
	Notes

	UE maximum output power
· Minimum peak EIRP
· Spherical coverage
· Multi-band relaxation (MBR)
	Discuss reusing FR2 power classes and agree on a prioritization order

Detailed budget derivations and discussions for min peak EIRP are needed. Simulations may be required.

Address MBR framework after min peak EIRP and spherical coverage requirements have been finalized
· Defined relaxation parameters apply to Tx and Rx requirements

	UE maximum output power reduction
	Discussions needed since it is power class dependent, requires addressing power classes for the frequency range first


	UE maximum output power with additional requirements
	FFS - network signalling definition and A-MPR study for this frequency range need to be motivated by regulatory requirements

	Transient period
	TR 38.808 from the SI concluded there is motivation having an improved transient period

Detail discussion and proposal can be found in this paper

	Carrier leakage
	Power class dependent

	In-band emissions (IBE)
	Specified per power class

	Adjacent channel leakage ratio (ACLR)
	Needs further study and discussion

	Spurious emission band UE co-existence
	Needs further study and discussion

	Additional spurious emissions
	FFS if network signalling is needed for frequency range

	Beam correspondence
	Discussion and ∆EIRP analysis needed



For proper planning, it is important to align on these requirements early. The intention is to discuss the Tx requirement scope for this WI and edit the content in Table 1 accordingly. The remaining Tx requirements in TS38.101-2 can likely be reused, though some may need further discussion.

Proposal 1: RAN4 should discuss and approve the Tx requirement scope for the 52.6 to 71GHz range. Table 1 can facilitate the discussion.

It is worth noting that a significant portion of the core requirement work, cannot fully start until bands are defined. However, there are aspects of the requirements we can align on now to expedite future discussions. These are discussed in greater detail in the upcoming section.

2.2	Power classes beyond 52.6GHz
As noted in the preceding section, some Tx requirements are specified per power class (e.g., min peak EIRP). Power classes in FR2 are comprised of four parameters: minimum peak EIRP, spherical coverage, maximum TRP and maximum EIRP (regulatory defined). The requirements of each FR2 power class are based on a specific UE or use case. From our perspective, it is reasonable to continue using this power class framework above 52.6GHz. Though we should verify if any changes in max EIRP and max TRP are needed for NR above 52.6GHz, and if a use case merits defining a new power class. Pending on the outcome of this discussion, we can decide whether the existing FR2 power classes can be reused or if new power classes shall be defined. 

Lastly, we must choose which power classes and devices types to include in the work item’s scope. Based on previously completed work, we recommend prioritizing the discussion for PC3-like devices which may be applicable to different form factors, including smartphones, laptops, and tablets. As second priority, FWA types with PC1-like requirements can be considered.

Proposal 2: Based on targeted use cases and new frequency range, discuss if power class framework needs to be modified and choose which power classes will be included in the work item’s scope.

2.3 Transient Period
2.3.1 ON/OFF Transient Period and UL/DL switching time
To support very broad channel bandwidth in 52.6 – 71 GHz spectrum, higher subcarrier spacings have been enabled, i.e., 480 and 960 kHz. Thus, the impact of transient time will be larger and even critical with these larger subcarrier spacings as the symbol durations are much smaller than NR FR2. Table 2 shows a summary of numerologies associated with different transient periods where how much portion the transient periods take compared to an OFDM symbol. As an example, 5 uS FR2 UE transient time is corresponding to 60 % of an OFDM symbol duration with 120 kHz SCS. In this example, considering ON-to-OFF and OFF-to-ON power transition scenario, the whole OFDM symbol will be lost and the 20 % of the second symbol will be also affected.
The situation becomes worse with larger SCS in the new spectrum range. If the same transient periods are kept, i.e., 5 uS for UE and 3 uS for BS, then these are corresponding to 480 % of an OFDM symbol duration, i.e., 2 x 240 % with 5 uS UE transient period and 480 kHz SCS, which means that almost 5 OFDM symbols will be affected and cannot be used for data transmission. Similarly, 3 uS transient period is corresponding to 288 % of an OFDM symbol duration, i.e., 2 x 144 % with 3 uS BS transient time and 480 kHz SCS, which means almost 3 OFDM symbol durations. Assuming 1 uS transient time, 1 OFDM symbol will be impacted with 480 kHz SCS and almost 2 OFDM symbol will be impacted with 960 kHz SCS.
During through NR release 15 and 16, the performance impact of transient period had been evaluated and discussed [6, 7]. As an outcome of the series of discussions, UE transient period report capability has been introduced in Rel-16 where 2 uS is the fastest transient period.

Table 2. Performance implication of transient period for different subcarrier spacings
	Subcarrier spacing (kHz)
	120
	480
	960

	Slot duration (uS)
	125.00
	31.25
	15.63

	OFDM symbol duration (uS)
	8.33
	2.08
	1.04

	CP duration (uS)
	0.60
	0.15
	0.07

	OFDM symbol + CP (uS)
	8.93
	2.23
	1.12

	
	
	
	

	Tp portion in OFDM symbol - 5 uS
	60.0%
	240.0%
	480.0%

	Tp portion in OFDM symbol - 3 uS
	36.0%
	144.0%
	288.0%

	Tp portion in OFDM symbol - 1 uS
	12.0%
	48.0%
	96.0%



In one our previous paper [8], we evaluated the implication of ON/OFF transient period where it is directly related to DL/UL switching time and main contributor of limiting cell coverage distance. Table 3 reproduced the summary of the analysis. In the analysis, 1 symbol guard period is assumed.


Table 3. The summary of DL-UL switching time with 100 m cell coverage distance target
[image: ]

From the analysis, 1 uS DL/UL switching time is needed in order to efficiently support 100 m cell coverage with the minimum system overhead. Based on current technologies, 1 uS period is achievable without any major technical issue. 
ON/OFF transient period is the major factor to decide DL/UL switching time. While ON/OFF transient period is sole RF parameter, DL/UL switching time also consider extra time for configuration changes in transceiver, i.e., loading firmware and parameters change, etc.
Observation 2: ON/OFF transient period has impact on the DL/UL switching time and determines the cell coverage distance as well as DL/UL switching overhead.
Observation 3: 1uS ON-OFF and OFF-ON switching time are feasible from implementation perspective.

2.3.2 Transient period impact on UL performance
During the SI phase, it was concluded that the existing FR2 transient period, i.e., 5 uS for UE and 3 uS for BS, might not applicable with higher subcarrier spacings, i.e., 480 kHz and 960 kHz. As an example, 5 uS transient period is corresponding to 240 % of an OFDM symbol duration with 480 kHz SCS. Considering a pair of ON-to-OFF and OFF-to-ON transition, this 5 uS transient period means that the first 4 OFDM symbols and 80% of the 5th OFDM symbol are affected and cannot be used for data transmission. This causes significant system throughput degradation especially with higher SCS. To improve system performance, a shorter transient period is necessary in 53.6 GHz – 71 GHz.
The FR2 transient scenarios are defined in clause 6.3.3 of TS 38.101-2. The specification defines multiple different scenarios for transient period time masks. In our analysis we focus on the potential PUSCH throughput impact due to ON/ON transient periods on the slot boundaries or on the boundaries of PUSCH and SRS transmissions.  The typical examples are such scenarios are 1) PUSCH-PUCCH and PUSCH-SRS (Figure 1); 2) Consecutive slot or long subslot transmission and short subslot transmission time mask (Figure 2); 3) Consecutive long PUSCH slot transmission. Typically, in such scenarios the short signals (e.g. SRS or short subslot) are prioritized and the transient period is fully placed in the PUSCH slot, thus resulting in the negative impact on the demodulation performance. In particular, in case of relatively long transient period one or more PUSCH symbols need to be blanked to allow sufficient time for the transient processes and the impact on the PUSCH throughput/BLER is expected.

[image: ]
Figure 1. PUCCH/PUSCH/SRS time mask when there is a transmission before or after or both before and after SRS

[image: ]
Figure 2. Consecutive slot or long subslot transmission and short subslot transmission time mask

In our analysis, we have evaluated the impact of the ON/ON transition period on the slot boundaries on the PUSCH demodulation performance. The following key assumptions were used for the analysis.
· Scenario #1: Regular NR PUSCH transmissions (single slot)
· Single slot PUSCH performance is modelled as shown in the figure below with PUSCH occupying 14 OFDM symbols. The transient period is located in one or more last symbols of the PUSCH slot and the affected symbols are blanked and not scheduled by the gNB. The actual number of blanked symbols depends on transient period (TP) duration and we assume that the symbol is blanked in case the TP is longer than the CP duration. In case of PUSCH transmission in such slot the effective code-rate will be higher comparing to the full slot PUSCH transmission which would lead to demodulation performance loss comparing to the ideal scenario.


 
Figure 3. Transient period model for regular NR PUSCH transmission (single slot)

· Scenario #2: Multiple PUSCH/PUCCH slot transmissions (under discussion in RAN1)
· In addition to the evaluation assumptions above, where the transition scenarios are based on the existing FR2 specification, we also consider multiple PUSCH/PUCCH slot transmissions, which is currently being discussed in RAN1. The motivation of the multiple PUSCH/PUCCH slot transmission is that a short period of symbol duration might have a critical impact with higher SCS when ON/OFF or ON/ON transition case is happening and bundling multiple slots might reduce BS scheduling burden. 
· The modelled multi-slot transmission scenario is shown in the figure below. In this scenario we assume that the transient period is located on the boundaries of the bundles each of which includes multiple UL slots. The scenarios with 2, 4 and 8 UL slots per bundle are evaluated.


Figure 4. Transient period model for multiple PUSCH/PUCCH slot transmissions (under RAN1 discussion)

For the evaluations we assess the performance of 1, 2, 3, and 5 us TP against the ideal scenario with 0 uS TP (no blanked symbols). One of key assumptions we make during the evaluation is that UL slot symbol blanking is applied when a TP is longer than the CP duration. The following table 4 summarizes the assumptions on the number of affected blanked symbols for different SCS and TP values.
Table 4. Number of blanked symbols depending on transient period
	SCS
	120 kHz
	480 kHz
	960 kHz

	Symbol duration, us
	8.33
	2.08
	1.04

	CP duration, us
	0.59
	0.15
	0.07

	Number of blanked OFDM symbol with 5us TP
	1
	3
	5

	Number of blanked OFDM symbol with 3us TP
	1
	2
	3

	Number of blanked OFDM symbol with 1us TP
	1
	1
	1



The detailed simulation assumptions are provided in Annex A. Tables 5 – 8 show the summary of link-level simulation results. 
Table 5. SNR loss with single slot scheduling
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	Table 6. SNR loss with multi-slot transmissions (bundling size is 2)
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	Table 7. SNR loss with multi-slot transmissions (bundling size is 4)
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	Table 8. SNR loss with multi-slot transmissions (bundling size is 8)
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The key observations based on the evaluations are as follows:
Observation 4:
· Single slot scheduling case:  
· The existing 5 uS transient period cannot provide reliable performance for 16QAM MCS 16 with 480 kHz and 960 kHz SCS (note that ∞ means that there is scenario with certain TP cannot reach 1 % BLER).
· 3uS transient period shows 13.6 dB performance loss compared to the ideal transient period (0 uS) for the MCS 16 with 960 kHz SCS
· 2us transient period provides up to 3.5 dB performance loss for MCS 16 with 960 kHz SCS
· 1us transient period allows < 2 dB performance loss for all considered scenarios
· Multiple PUSCH/PUCCH slot transmissions 
· Comparing the same evaluation condition with the multiple PUSCH/PUCCH slot transmission, the performance get improved with larger number of bundling. For example, for 3 uS transient period for MCS 16 with 960 kHz SCS the performance is 13.6 dB (without bundling)  11.3 dB (with 2 slot bundling)  9.2 dB (with 4 slot bundling)  7.6 dB (with 8 slot bundling).
· While there could be 6 dB throughput improvement with multiple-slot transmission, we would like to point out that the evaluation is based on optimistic assumption, i.e., there is no transient period between the multiple slots illustrated in figure 4, which may or may not hold true based on the final design. Furthermore, the 7.6 dB loss from the 3 uS transient period with MCS 16 with 960 kHz SCS is still quite large compared to the ideal transient period (0 uS TP).

Based on the evaluation, 1 uS transient period for both ON/OFF and ON/ON provides optimal performance. Considering extra time for configuration changes, i.e., loading firmware and change parameters, etc., 3 uS DL/UL switching time would be feasible. While OFF-to-ON time typically longer than ON-to-OFF time, we think specifying the same transient period for both OFF-to-ON and ON-to-OFF to keep the consistency from FR2 specification but we are open for further discussion and optimization.

Proposal 3: RAN4 agrees on 1 uS transient period for both ON/OFF and ON/ON transient period for 52.6 – 71 GHz range.
Proposal 4: RAN4 agrees on 3 uS for switching time for both DL-to-UL and UL-to-DL.

There was a RAN1 LS on beam switching [4] and the draft reply LS is in Annex B based on the discussion in this paper.
3	Conclusions
In this paper we presented our views on the Tx requirement scope for the NR extension to 71GHz WI. The following observations and proposals were made:


Discussion
Observation 1: As the requirements for the 52.6 to 71GHz frequency range will be radiated, we can use the requirements in TS38.101-2 as reference in our discussion.

Tx requirement scope
Proposal 1: RAN4 should discuss and approve the Tx requirement scope for the 52.6 to 71GHz range. Table 1 can facilitate the discussion.

Power classes beyond 52.6GHz
Proposal 2: Based on targeted use cases and new frequency range, discuss if power class framework needs to be modified and choose which power classes will be included in the work item’s scope.

Transient period
Proposal 3: RAN4 agrees on 1 uS transient period for both ON/OFF and ON/ON transient period for 52.6 – 71 GHz range.

Proposal 4: RAN4 agrees on 3 uS for switching time for both DL-to-UL and UL-to-DL.

Observation 2: ON/OFF transient period has impact on the DL/UL switching time and determines the cell coverage distance as well as DL/UL switching overhead.
Observation 3: 1uS ON-OFF and OFF-ON switching time are feasible from implementation perspective.
Observation 4:
· Single slot scheduling case:  
· The existing 5 uS transient period cannot provide reliable performance for 16QAM MCS 16 with 480 kHz and 960 kHz SCS (note that ∞ means that there is scenario with certain TP cannot reach 1 % BLER).
· 3uS transient period shows 13.6 dB performance loss compared to the ideal transient period (0 uS) for the MCS 16 with 960 kHz SCS
· 2us transient period provides up to 3.5 dB performance loss for MCS 16 with 960 kHz SCS
· 1us transient period allows < 2 dB performance loss for all considered scenarios
· Multiple PUSCH/PUCCH slot transmissions 
· Comparing the same evaluation condition with the multiple PUSCH/PUCCH slot transmission, the performance get improved with larger number of bundling. For example, for 3 uS transient period for MCS 16 with 960 kHz SCS the performance is 13.6 dB (without bundling)  11.3 dB (with 2 slot bundling)  9.2 dB (with 4 slot bundling)  7.6 dB (with 8 slot bundling).
· While there could be 6 dB throughput improvement with multiple-slot transmission, we would like to point out that the evaluation is based on optimistic assumption, i.e., there is no transient period between the multiple slots illustrated in figure 4, which may or may not hold true based on the final design. Furthermore, the 7.6 dB loss from the 3 uS transient period with MCS 16 with 960 kHz SCS is still quite large compared to the ideal transient period (0 uS TP).
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Annex A: Simulation assumptions
	Transmitter
	

	Carrier frequency
	60 GHz

	Duplex mode
	TDD 

	Antenna configuration
	2x2

	SCS + BW
	120 kHz; 480 kHz; 960 kHz with 400 MHz CBW

	Number of RBs
	120 kHz: 256
480 kHz: 64
960 kHz: 32

	CP type
	Normal

	Mapping type 
	Type B

	PUSCH allocation
	S = 2; D = 12

	DMRS configuration
	Type1, Single symbol, 1 Additional DMRS

	MCS
	MCS 10,16 (16QAM) 

	Rank
	1

	PTRS Configuration
	K = 4; L = 1

	Propagation conditions
	

	Channel model
	TDLA30-10; 

	PN models
	Tx: TR 38.803 UE model
Rx: TR 38.803 BS model
Correlated noise between Rx chains 

	Receiver
	

	Channel estimation
	Practical

	PN Estimation/Compensation
	Ideal CPE Estimation + Compensation

	Demodulation
	MMSE-IRC

	Test metric
	SNR @ 1% BLER


Table 9. Evaluation assumptions for throughput impact due to transient periods


Annex B: Draft reply LS to RAN1 on beam switching gap for 60 GHz band

3GPP TSG RAN WG4 Meeting #98Bis-e						R4-21xxxx
e-Meeting, April 12 – 20, 2021

Title:	Reply LS on beam switching gap for 60 GHz band
Response to:	
Release:	Rel-17
Work Item:	NR_ext_to_71GHz

Source:	RAN4
To:	RAN1
Cc:	

Contact Person:	
Name:	Jiwoo Kim
E-mail Address:	jiwoo.kim (at) intel (dot) com, 

Attachments:	


1. Overall Description:

RAN4 discuss transient period for gNB and UEs operating in 52.6 GHz to 71 GHz. Please find the reply below:
· Switching Tx beams
RAN4 answer: TR 38.808 subclause captures the outcome of RAN4 study where the order of 59 nS beam switching time is feasible for both Tx and Rx beam switching.

· Switching Rx beams
RAN4 answer: TR 38.808 subclause captures the outcome of RAN4 study where the order of 59 nS beam switching time is feasible for both Tx and Rx beam switching.

· Switching from DL to UL
RAN4 answer: 3 uS DL to UL switching time is feasible

· Switching from UL to DL 
RAN4 answer: 3 uS UL to DL switching time is feasible


2. Actions:
To RAN1: 	RAN4 would like to kindly ask RAN1 to provide information on the above questions.


3. Date of Next TSG-RAN WG4 Meetings:
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