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1 Introduction
In this contribution we provide further inputs to the discussion on the BS RF transmitter requirements for the NR operation in FR2-2.
2 Discussion
Referring to the WF in [1], the following was agreed on the BS RF TX requirements for the NR operation in FR2-2: 
	2.1	EIRP and TRP output power requirements
Re-use both current (3.4 dB in normal conditions and 4.5 dB in extreme conditions) EIRP and 3 dB TRP accuracy requirements from FR2-1 to FR2-2 and re-use 6% limit to allow two EIRP values to be declared.
2.2	Transient times
The current FR2 BS 3 µs transient period should be applicable for NR operation in 52.6 – 71 GHz range.
2.3	Signal quality – EVM
[50%] EVM window length is starting point for normal CP length. This is to be confirmed once spectral utilization and out-of-band emissions are agreed.
Add new column to Table 9.6.1.2-1 to differentiate EVM capability within FR2 range.
2.4	Signal quality – EVM measurement period
Postpone to conformance. Measurement time reduction method need to consider impact on reliability of results.
2.5	Signal quality – TAE
Agree same TAE applies for 120 kHz SCS in FR2-2 as in FR2-1. Agree that only highest supported SCS is tested.
For MIMO case: “Scale the value under 120kHz for larger SCS cases” as starting point.
For CA cases: FFS.
2.6	Emissions – OBUE and ACLR
[Re-use FR2-1 OBUE], deltafOBUE needs more discussion but tentatively in range [3 – 4 GHz]. Re-use of FR2-1 includes using TRP as metric.
No separate requirements for licensed and unlicensed at this point of time.
For ACLR wait for coex study conclusion in thread 130.
Make decision on deltafOBUE on Jan 2022 RAN4 meeting. 
Align the value for deltafOBUE and deltafOOB.
2.7	Emissions – Spurious emissions
For licensed operation and unlicensed operation, RAN4 should re-use the FR2 approach and use FR2 spurious emission requirements for NR in 52.6 to 71 GHz and make adaptations with respect Fstep,X taking to account larger carrier bandwidths.



The remaining aspects for the TX Core requirements are discussed below. 
2.1 Signal quality – TAE
During previous meeting it was agreed that same TAE requirement applies for 120 kHz SCS in FR2-2 as in FR2-1. It was motivated by the use of the same SCS, so the reuse of the requirement fort FR2-2 is reasonable. 
Still, there are remaining TAE aspects for MIMO and CA. 
2.1.1 MIMO TAE
Referring to RAN4#101-e discussion summary in [6], the following options were considered for the MIMO TAE: 
	o	Option 1: The MIMO time alignment error requirement for BS type 1-O and BS type 2-O should be applicable for NR operation in 52.6 – 71 GHz range. Moreover, shorter CA time alignment error requirements (than that for BS type 2-O) may be considered for NR operation in 52.6 – 71 GHz range with larger SCS (than that for BS type 2-O). (Nokia, R4-2117247)
	related observation (not part of option 1): Existing FR2-1 TAE 65ns isn’t applicable for 52.6-71GHz (CATT, R4-2117389)
o	Option 2: Remove TAE requirements for MIMO and rely on EIRP BS conformance to verify that TAE is within a working range, for a case when all TRX are declared in all transceiver groups. (Ericsson, R4-2118461)
	related observation (not part of option 2): The EIRP accuracy can’t guarantee the TAE (CATT, R4-2117389)
o	Option 3:  For MIMO set TAE = 65 ns for SCS = 480 kHz and TAE = 32.5 ns for SCS = 960 kHz. (Ericsson, R4-2118461)
o	Option 7: the acceptable TAE requirement should be around 10-20ns for 960kHz and 10-40ns for 480kHz; (ZTE, R4-2119190)



The MIMO TAE requirement has been defined as 65 ns for all the NR SCS schemes ranging from 15 kHz up to 120 kHz SCS. 
	
	FR1
	FR2-1
	FR2-2

	
	15, 30 60 kHz SCS
	60, 120 kHz SCS
	120 kHz SCS
	480 kHz SCS
	960 kHz SCS

	MIMO TAE
	65 ns
	65 ns
	65 ns
	TBD
	TBD



That 65 ns MIMO TAE requirement has been derived in the past based as quarter of the UMTS chip rate, i.e. 65 ns matches to 1/(4x3.84) Mcps rate. Therefore, it is evident that the NR symbol duration was not considered as a motivation to reduce the MIMO TAE requirement in the past. 
With the introduction of 480 kHz and 960 kHz SCS’ for FR2-2, the need to reduce the MIMO TAE was brought up. The following was agreed during the previous meeting for MIMO TAE: “Scale the value under 120kHz for larger SCS cases” as starting point. 
Taking the 65 ns values for 120 kHz SCS as the baseline, the questions is how the scaling can be applied, considering that the legacy TAE values were not following anything near the linear scaling approach. 
In [5], based on the simulation results depicting the expected performance degradation due as function of the MIMO TAE value, it was proposed to consider MIMO TAE requirement in range of 10-20ns for 960kHz and 10-40ns for 480 kHz SCS. We would like to stress, that MIMO TAE requirement should be specified with the consideration of the implementation/deployment aspects, not just simulations. Even if shorter symbol duration allows to shorten TAE, and the CP length consideration requires it, there must be also consideration of the potential implementation aspects which may not allow to apply linear TAE reduction from 120kHz SCS to 480/960 kHz SCS.
With the above, two options are proposed: 
Option 1 (same as Option 3 in [6]): 
For SCS = 480 kHz: MIMO TAE = 65 ns 
For SCS = 960 kHz: MIMO TAE = 32.5 ns
Option 2: 
For SCS = 480 kHz: MIMO TAE = 32.5 ns
For SCS = 960 kHz: MIMO TAE = 32.5 ns
Proposal 1: Set the MIMO TAE requirement as Option 1 or Option 2 below, with slight preference to Option 1.
 Option 1: 
For SCS = 480 kHz: MIMO TAE = 65 ns 
For SCS = 960 kHz: MIMO TAE = 32.5 ns
Option 2: 
For SCS = 480 kHz: MIMO TAE = 32.5 ns
For SCS = 960 kHz: MIMO TAE = 32.5 ns
2.1.2 CA TAE
Referring to RAN4#101-e discussion summary in [6], the following options were considered for the CA TAE:
	o	Option 4: For CA set TAE = 65 ns for SCS = 480 kHz and TAE = 32.5 ns for SCS = 960 kHz. (Ericsson, R4-2118461)
o	Option 5: TAE = 260 ns for non-contiguous carrier aggregation. (Ericsson, R4-2118461)
o	Option 6: TAE f= 3 µs for interband CA. (Ericsson, R4-2118461)



The CA TAE the requirement’s evolution over the NR timeline was more complex than in case of MIMO TAE, as presented below. For FR2-1, the requirements were tightened for intra-band cases. As 120 kHz SCS TAE values were agreed to be reused from FR2-1, in our understanding this also applies to the CA cases. Therefore the starting point for the CA TAE looks as follows:  
	
	FR1
	FR2-1

	
	15, 30 60 kHz SCS
	60, 120 kHz SCS

	intra-band contiguous CA (with, w/o MIMO)
	260 ns
	130 ns

	intra-band non-contiguous CA (with, w/o MIMO)
	3 us
	260 ns

	inter-band CA (with, w/o MIMO)
	3 us
	3 us



Intra-band contiguous CA
According to requirement definition, the TAE requirement shall apply to frame timing in carrier aggregation (and combinations with MIMO). Until now, CA requirement were defined so that the TAE intra-band contiguous CA requirements is the same with or without MIMO.
Let’s analyse the MIMO CA case: imagine that we agree on certain TAE value for the MIMO transmission (within a single carrier). Then let’s consider that the scheduling conditions would be improved in such scenario to allow/require CA. So the SC MIMO case would be upgraded to the MIMO transmission with CA. in such case it would be counter-intuitive if for the same BS product the TAE requirement would be degraded from SC MIMO TAE (e.g. 65 ns), to CA MIMO TAE (e.g. 13 ns). In other words, the TAE performance for SC MIMO and for CA TAE may be expected to be similar. On the other hand, one can notice that such assumption was never the case until now, and the MIMO TAE requirements were not aligned with the intra-band CA TAE requirements.
Based on the TAE discussion during RAN4#101-e [6], CP duration was also brought to the discussion (under single FFT assumption). Referring to the MIMO CA discussion above, it was observed that that symbol/CP duration was always accounted for the CA TAE requirement in the past. Still, with the introduction of 480/960 kHz SCS, tightening of the intra-band contiguous CA TAE seems to be justified. 
As we have currently 3 different SCS schemes possible for FR2-2, it is not obvious that the contiguous CA would be using the same SCS over all CCs (even if it is seen unlikely for the intra-band case, which is expected to experience similar propagation, Doppler spread, etc. conditions; then consideration of the band as wide as 14 GHz does not guarantee it). Therefore, in order to avoid multiple-numerology issues for the TAE requirement mapping, it would be preferred to keep single TAE value for intra-band contiguous CA, i.e. not SCS-specific.
With the above, we identify two options: 
Option 1: reuse the existing TAE requirement from FR2-1. 
Option 2: adopt 65 ns TAE for intra-band contiguous CA. 
Option 2 is suggested to account for higher order SCS. 
Proposal: adopt 65 ns TAE for intra-band contiguous CA. 
	
	FR1
	FR2-1
	FR2-2

	
	15, 30 60 kHz SCS
	60, 120 kHz SCS
	120 kHz SCS
	480 kHz SCS
	960 kHz SCS

	intra-band contiguous CA (with, w/o MIMO)
	260 ns
	130 ns
	65 ns



Intra-band non-contiguous CA
In [7], CA related aspects were discussed last meeting, including measures to simplify the CA permutations handling for FR2-2 [7]. One of the ideas (not agreed) was to assume contiguous CA operation: 
		CA permutations are limited: CA carriers are filled left to right, with larger carrier on the left and smaller carriers on the right. This significantly reduces the number of possible CA permutations.
	Widest single carrier bandwidth is used where possible: For example, if the declared CA bandwidth is 500 MHz for a 120 SCS UE, it must use the 400 MHz as the left CCBW and 100 MHz for the right. If, for example, 400 MHz is an optional CCBW, the UE must declare it supports 400 MHz CCBW since it is also declaring 500 MHz CA BW support.
	Maximum CA bandwidth is 2000 MHz: FFS whether it is smaller for lower SCS.
	CA is defined as contiguous CA
	Maximum number of possible component carriers is 5: UEs can support fewer, but the upper limit for all SCS and CA bandwidth classes is 5.
	For 480 and 960 kHz SCS, 100 MHz is allowed



In the past RAN4 discussions, the CA work was usually started with the contiguous CA, while the non-contiguous CA was addressed at later stage. Considering late stage of Rel-17 in RAN4 and very busy schedule, the need for non-contiguous CA operation above 52.6GHz shall be clarified first. 
Proposal: the need for non-contiguous FR2-2 CA operation in Rel-17 shall be clarified first. 
If the non-contiguous CA is to be covered under Rel-17, the 260 ns requirement for TAE can be reused from FR2-1 as the baseline, i.e. 
	
	FR1
	FR2-1
	FR2-2

	
	15, 30 60 kHz SCS
	60, 120 kHz SCS
	120 kHz SCS
	480 kHz SCS
	960 kHz SCS

	intra-band non-contiguous CA (with, w/o MIMO)
	3 us
	260 ns
	260 ns



Based on the above analysis, the following is proposed: 
Proposal: if the non-contiguous CA is confirmed to be in Rel-17 scope, reuse 260ns TAE requirement for intra-band non-contiguous CA.
Inter-band CA
Inter-band CA is applicable to the NR operation in 52.6 – 71 GHz range, as per WID [8], e.g. refer to the WID extract below:
	[image: ]


 
The TAE for inter-band CA has been the same for all the NR frequency ranges and SCS values. 
	
	FR1
	FR2-1
	FR2-2

	
	15, 30 60 kHz SCS
	60, 120 kHz SCS
	120 kHz SCS
	480 kHz SCS
	960 kHz SCS

	inter-band CA (with, w/o MIMO)
	3 us
	3 us
	3 us



It shall be noted, that this requirement is not band-combination specific. Therefore the worst case scenario / RF architecture needs to be accounted for. The value of the requirement is related to the need to process NR signals via separate RF chains, possibly causing larger time misalignments. 
As 3us were agreed for FR2-1, we see no good motivation to use any other value for FR2-2. 
Proposal: reuse 3us TAE requirement for inter-band CA. 
2.2 Emissions – OBUE 
During previous discussions, the following agreements were reached on the OBUE: 
· [Re-use FR2-1 OBUE]
· Re-use of FR2-1 includes using TRP as metric.
· No separate requirements for licensed and unlicensed at this point of time.

2.2.1 ΔfOBUE value
During previous discussions, the following agreements were reached on the ΔfOBUE offset:
· ΔfOBUE needs more discussion but tentatively in range [3 – 4 GHz].
· Make decision on ΔfOBUE on Jan 2022 RAN4 meeting. 
· Align the value for ΔfOBUE and ΔfOOB.

ΔfOBUE needs to represent the filtering capabilities of the transmit RF chains. With the increase of the operating band width we were increasing the delta value in the past: 
	BS type
	Operating band characteristics
	ΔfOBUE (MHz)

	BS type 1-O
	FDL,high – FDL,low  < 100 MHz
	10

	
	100 MHz ≤ FDL,high – FDL,low  ≤ 900 MHz   
	40

	BS type 2-O
	FDL,high – FDL,low ≤ 4000 MHz
	1500



Referring to the ETSI EN 303 722, there is guidance on derivation spurious range and the OOB region boundary:
	[image: ]



Based on 57-71 GHz range and assuming 2 GHz channel bandwidth, the resulting offset can be derived as ±3.5 GHz. This value was considered to be a starting point for the [3 – 4] GHz range consideration for the ΔfOBUE derivation. 
Regarding the NR operation band, so far we have only band n263 defined for FR2-2, which is 14 GHz wide (57-71 GHz). The other band to be also considered is the licensed band which is expected to have a range of 5 GHz (66-71 GHz). During previous discussions on FR2-1, the range of the operating band widths has been extended up to 900 MHz, even though there was no such wide band defined at that time (i.e. 100 MHz ≤ FDL,high – FDL,low  ≤ 900 MHz).
Therefore, for the FR2-2 it is suggested to follow similar approach and to consider that the current band n263 may not be the widest possible band to consider, i.e. not to preclude that wider bands may be possible in future. 
Based on the above, it is proposed to select the ΔfOBUE  value from the [3.5 – 4] GHz range. 
Therefore the following is proposed: 
[bookmark: _GoBack]Proposal: Define ΔfOBUE  values as [3.5] GHz. 
Please note, that it was already agreed to align the value for ΔfOBUE and ΔfOBUE. 
In Annex A, we additionally provide a draft of the ΔfOBUE  and ΔfOOB updates implementation to TS 38.104, for reference. 
2.3 Emissions – ACLR
Referring to email discussion summary for [101-e][130] NR_ext_to_71GHz_Part_3 in [9], the following WF was approved in [10]:
	The following options will be discussed in next meeting to decide the final ACIR/ACLR/ACS requirements for both DL and UL.
Option 1: Reuse ACIR/ACLR/ACS in TR 38.803
Option 2: Derive requirements based on the simulation results provided in this WI.
Option 3: A compromised requirement considering the simulation results in this WI, the results in TR 38.803 and technology capabilities.
The requirement will be finalized in RAN4#101b-e.



As per previous agreement, we are supposed to wait with the definition of the ACLR requirement until the above referred co-ex study conclusion is reached. 
Conclusion 
Based on the above discussion, the following proposals are formulated: 
Proposal 1: Set the MIMO TAE requirement as Option 1 or Option 2 below, with slight preference to Option 1.
 Option 1: 
For SCS = 480 kHz: MIMO TAE = 65 ns 
For SCS = 960 kHz: MIMO TAE = 32.5 ns
Option 2: 
For SCS = 480 kHz: MIMO TAE = 32.5 ns
For SCS = 960 kHz: MIMO TAE = 32.5 ns
Proposal 2: adopt 65 ns TAE for intra-band contiguous CA. 
Proposal 3: if the non-contiguous CA is confirmed to be in Rel-17 scope, reuse 260ns TAE requirement for intra-band non-contiguous CA.
Proposal 4: reuse 3us TAE requirement for inter-band CA. 
Based on TAE proposals above, the follow TAE requirements summary can be compiled: 
	
	FR1
	FR2-1
	FR2-2

	
	15, 30 60 kHz SCS
	60, 120 kHz SCS
	120 kHz SCS
	480 kHz SCS
	960 kHz SCS

	MIMO
	65 ns
	65 ns
	65 ns
	65 ns
	32.5 ns

	intra-band contiguous CA (with, w/o MIMO)
	260 ns
	130 ns
	65 ns

	intra-band non-contiguous CA (with, w/o MIMO)
	3 us
	260 ns
	[260 ns; subject to confirmation if non-cont. CA needed in Rel-17]

	inter-band CA (with, w/o MIMO)
	3 us
	3 us
	3 us
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Annex A: TP to TS 38.104
------------------------------ Modified sections ------------------------------
[bookmark: _Toc21127661][bookmark: _Toc29811870][bookmark: _Toc36817422][bookmark: _Toc37260344][bookmark: _Toc37267732][bookmark: _Toc44712335][bookmark: _Toc45893648]9.7	OTA unwanted emissions
[bookmark: _Toc21127662][bookmark: _Toc29811871][bookmark: _Toc36817423][bookmark: _Toc37260345][bookmark: _Toc37267733][bookmark: _Toc44712336][bookmark: _Toc45893649]9.7.1	General
[bookmark: _Hlk505597907]Unwanted emissions consist of so-called out-of-band emissions and spurious emissions according to ITU definitions ITU-R SM.329 [2]. In ITU terminology, out of band emissions are unwanted emissions immediately outside the BS channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions.
The OTA out-of-band emissions requirement for the BS type 1-O and BS type 2-O transmitter is specified both in terms of Adjacent Channel Leakage power Ratio (ACLR) and operating band unwanted emissions (OBUE). The OTA Operating band unwanted emissions define all unwanted emissions in each supported downlink operating band plus the frequency ranges ΔfOBUE above and ΔfOBUE below each band. OTA Unwanted emissions outside of this frequency range are limited by an OTA spurious emissions requirement.
The maximum offset of the operating band unwanted emissions mask from the operating band edge is ΔfOBUE. The value of ΔfOBUE is defined in table 9.7.1-1 for BS type 1-O and BS type 2-O for the NR operating bands.
Table 9.7.1-1: Maximum offset ΔfOBUE outside the downlink operating band
	BS type
	Operating band characteristics
	ΔfOBUE (MHz)

	BS type 1-O
	FDL,high – FDL,low  ≤< 100 MHz
	10

	
	100 MHz <≤ FDL,high – FDL,low  ≤ 900 MHz   
	40

	BS type 2-O
	FDL,high – FDL,low ≤ 4000 MHz
	1500

	
	4000 MHz ≤ FDL,high – FDL,low  ≤ [14000] MHz   
	[3500]



The unwanted emission requirements are applied per cell for all the configurations.  Requirements for OTA unwanted emissions are captured using TRP, directional requirements or co-location requirements as described per requirement.
There is in addition a requirement for occupied bandwidth.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc21127720][bookmark: _Toc29811929][bookmark: _Toc36817481][bookmark: _Toc37260403][bookmark: _Toc37267791][bookmark: _Toc44712397][bookmark: _Toc45893709]10.5.2.3	Minimum requirement for BS type 2-O
The requirement shall apply at the RIB when the AoA of the incident wave of a received signal and the interfering signal are from the same direction and are within the OTA REFSENS RoAoA.
The wanted and interfering signals apply to each supported polarization, under the assumption of polarization match.
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel.
For BS type 2-O, the OTA wanted and OTA interfering signals are provided at RIB using the parameters in table 10.5.2.3-1 for general OTA blocking requirements. The reference measurement channel for the wanted signal is further specified in annex A.1. The characteristics of the interfering signal is further specified in annex D.
The OTA blocking requirements are applicable outside the Base Station RF Bandwidth. The interfering signal offset is defined relative to the Base Station RF Bandwidth edges. 
For BS type 2-O the OTA in-band blocking requirement shall apply from FUL_low - ΔfOOB to FUL_high + ΔfOOB. The ΔfOOB for BS type 2-O is defined in table 10.5.2.3-0.
Table 10.5.2.3-0: ΔfOOB offset for NR operating bands in FR2
	BS type
	Operating band characteristics
	ΔfOOB (MHz)

	BS type 2-O
	FUL_high – FUL_low ≤ 4000 MHz
	1500

	
	4000 MHz < FUL_high – FUL_low ≤ [14000] MHz
	[3500]


------------------------------ End of modified section ------------------------------
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4232 Limit

‘The level of unwanted emissions in the spurious domain shall be less than or equal to the limits given in table 4,where
the lower boundary between the spurious domain and the out-of-band domain shall be at a frequency Fi:

e Fo=min (57 GHz; f - min(2,5 % nominal channel BW, 1,5 x nominal channel BW + 500 MHz))
‘where fc is the nominal centre frequency of the transmission.
‘The upper boundary between the spurious domain and the out-of-band domain shall be at a frequency Fir

*  Fu=max (71 GHz; f +min(2.5 % nominal channel BW, 1.5 x nominal channel BW + 500 MHz))
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For the case of FR2-2 DC or CA with an anchor in FR1 the following three example band
combinations shall be considered:

* a79+Nx
o a77+Nx
o ndl+Nx

where N is the 57-71 GHz band for unlicensed operation and the [66-71] GHz for licensed
operation.

RANY to further discuss the need for single or multiple bands relevant for FR2-2
licensed/unlicensed operation.




