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1. Introduction
At the last RAN4 meeting (RAN4#98-E) the study item (SI) for extending NR to support up to 71 GHz was finalised. All the technical background information from the SI is collected in TR 38.808. Due to the expected propagation conditions (spreading, diffraction, absorption, etc.) operation and expected RF technology capabilities some careful considerations are required when RF requirements are developed for the frequency range 52 to 71 GHz. 
At the last meeting the last pieces of essential technical background information were captured in TR 38.808. The technical report documents relevant information on expected RF characteristics, e.g. Power Amplifier (PA) output power and efficiency trends, phase noise characteristics, noise figure characteristics, antenna array geometries and other relevant information for the frequency range 52 to 71 GHz.
In this contribution additional aspects related to the base station transmitter characteristics required to develop RF core requirements are discussed. The contribution is presented for approval since it presents some general proposals with the intension to move the transmitter requirement discussion forward in the work item (WI) phase. 

2. Discussion
The contribution is divided into multiple sub-sections with detailed technical information on different transmitter topics:
· Base station architecture
· EVM
· Unwanted emissions
· TDD ON/OFF transient period
· Time alignment error
2.1 	BS Architecture
For the frequency range 52 to 71 GHz it is reasonable to assume that radio and antenna will be highly integrated without any access to physical transmitter interface such as the transmitter array boundary interface with antenna RF connectors. From that perspective it would be reasonable to use requirement set BS type 2-O created for base stations operating with on 24 to 52 GHz as base line. Even tough, careful consideration is required to adapt requirement levels and requirement coverage to the technical capabilities of RF electronics operating in the frequency range 52 to 71 GHz. 
To described different types of base station implementations a reference architecture was created for AAS base stations in in TR 38.820 [1]. The AAS BS architecture is here extended to support downlink and uplink. The reference architecture briefly described in Figure 2.1-1. The architecture can be seen as a tool to break down the base station in sub-components and identifying parameters essential for modelling e.g. the array antenna characteristics part of co-existence simulations. 
[image: ]
Figure 2.1-1: Base station architecture
In the architecture the antenna array consists of NAE antenna elements placed in a lattice often referred to as array antenna geometry. Each antenna element is associated to NAE RF transmission lines to the Radio Distribution Network (RDN). The RDN is a passive combiner/splitter network with NRF transmission lines towards the transceiver array. If sub-array geometries are considered, the actual sub-array is created using combiner/splitter networks in the RDN. The parameters describing the number of branches between the main blocks in the base station reference architecture is described in Table 2.1-1.
Table 2.1-1: Port parameters
	Parameters
	Interface
	Description

	NLP
	BB
	Number of supported logical ports defined in RAN1 specifications

	NBB
	Internal
	Number of I/Q data transmitter streams feed to ADC/DACs in the transceiver array

	NRF
	Virtual TAB
	Number of radio branches at the transceiver array boundary

	NAE
	Internal
	Number of RF transmission lines to antenna array



Based on considered implementation the specific parameter values for a given interface will vary due to the type of base station considered. 
The base station architecture can also be used to describe different beamforming schemes adopted for base station implementations. As an example, the relations between the number of interfaces, can be used to discriminate between different beamforming approaches as described in Table 2.1-2. 
Table 2.1-2: Beamforming approaches  
	Beamforming
	Antenna Port Mapping
	Transceiver Array
	Radio Distribution Network
	Description

	Analog
	NLP=NBB
	NBB<NRF
	NRF<NAE
	In this case, the beamforming is created in the analog domain in the transceiver array

	Digital
	NLP<NBB
	NBB=NRF
	NRF<NAE
	In this case, the beamforming is created in the digital domain in the base band or antenna port mapping

	Hybrid
	NLP<NBB
	NBB<NRF
	NRF<NAE
	In this case, the beamforming is split between the analog and digital domain



For antenna modelling purposes the number of RF ports at the virtual Transceiver Array Boundary (TAB) calculated as:
		(Eq. 2.1-1)
, where parameters N is the number of columns, M is the number of rows and P is the number of supported polarizations. Typically, for NR base stations two orthogonal polarizations are used, hence P=2 for all previously defined antenna parameter sets. 
In the case NRF=NAE, 1:1 mapping is used in the RDN meaning that a single element geometry is used and if NRF<NAE, signals are divided/combined in the RDN to support a sub-array element antenna geometry. 
For the frequency range 52 to 71 GHz it is reasonable to believe that analog beamforming will be used initially and later when the technology evolves more advanced beamforming will probably be considered.
Based on NR technical information in TR 38.803 [2] and technical background information relevant for 52 to 71 GHz in TR 38.808 [3], parameter sets for different deployment scenarios have been created in Table 2.1-3. It reasonable to assume that a larger antenna is required for urban deployments scenarios compared to the scenario intended for indoor deployment. The peak element gain GE is calculated based on true peak directivity and element loss LE relevant for the frequency range 52 to 71 GHz. 
Table 2.1-3: Deployment scenarios
	Parameter
	Urban
	Dense urban
	Indoor 

	Am (dB)
	30
	30
	30

	SLAv (dB)
	30
	30
	30

	3dB (deg.)
	90
	90
	90

	3dB (deg.)
	90
	90
	90

	GE,max (dBi)
	5.3
	5.3
	5.3

	LE  (dB)
	2.2
	2.2
	2.2

	M
	16
	16
	16

	N
	16
	8
	8

	P
	2
	2
	2

	dv (m)
	0.5l
	0.5l
	0.5l

	dh (m)
	0.5l
	0.5l
	0.5l

	range (deg.)
	90 to 120
	90 to 120
	TBD

	range (deg.)
	-60 to 60
	-60 to 60
	-60 to 60

	mech (deg.)
	10
	10
	0

	Ptx  (dBm)
	7
	7
	-10



Based on the array parameters sets fundamental characteristics such as TRP and peak EIRP can be derived. For BS output power considerations, the total radiated power (TRP) is calculated in logarithmical scale as:
	(Eq. 2.1-2)
, where P, M, N, Ptx and LE is given by Table 2.1-3. 
For radiated power considerations peak Equivalent Isotropic Radiated Power (EIRP) is calculated in logarithmical scale calculated as:
 		(Eq. 2.1-3)
, where P, M, N, Ptx, GE and LE is given by Table 2.1-3. 
The power capability relevant for parameter sets listed in Table 2.1-3 for different deployments is listed in Table 2.1-4.
Table 2.1-4: BS output power 
	Deployment

	TRP
(dBm)
	EIRP
(dBm)

	Urban
	31.9
	63.5

	Dense urban
	28.9
	57.4

	Indoor
	11.9
	40.4



With the proposed parameter sets, different types of base station deployment situations have been considered. It is reasonable to assume that a base station implementation will be designed to support one deployment scenario. 
Proposal 1:
It is proposed to use parameter sets in Table 2.1-3 if co-existence simulations are considered or if antenna parameters are shared to other groups.



2.2		EVM
During the SI phase, up-to-date phase noise characteristics and parameterized models were presented and documented in TR38.808, subclause 4.2.3. During the link evaluation analysis to decide on numerology, modulation schemes up to 64QAM were investigate. In addition, due to degradation in phase noise when moving towards higher frequencies, the analysis indicated that the performance is limited by UE phase noise regardless of chosen model.
In addition, extensive analysis around the PA trends and complex dependencies considering the relation between power, linearity and efficiency was conducted resulting in the conclusion of feasible ACLR of 20 to 25 dB for NR in 52.6 to 71 GHz. As EVM consist of many impairments including phase noise and PA non-linearities, the support for higher order modulation would require significantly higher ACLR of ~35 dB resulting in extreme in-efficiency for the PA.
Weighting in the aspects discussed above, we would propose to limit the modulation order for NR in 52.6-71 GHz to 64QAM.
Proposal 2:
NR in 52.6 to 71 GHz should support modulation orders up to 64QAM.

2.3	Unwanted emission
The unwanted emissions both for in-band emissions and spurious emission for NR in 52.6 to 71 GHz need further considerations. PA dependencies describing the relation between power, linearity and efficiency has been studied during the SI phase where feasible ACLR range has been proposed. So far there has not been any detailed discussions around OBUE or how spurious emission should be handled. In this section, we elaborate further on ACLR, emission masks and spurious emission.
In addition, as the objective is to specify NR in 52.6 to 71 GHz for both licensed and unlicensed operation, some differentiation might be needed considering requirement definition, emission mask shapes as well as levels due to higher power foreseen for licensed operation.
2.3.1	ACLR
To investigate the important dependencies between output power, linearity and PAE, the empirical measurements of a 28 nm FD-SOI CMOS PA was used to model the behavior at 70 GHz proxy frequency where the non-linear characteristics is kept with the output power scaled as -20 dB/decade while PAE scaled as ~-5dB /decade. CP-OFDM waveform at 400 MHz carrier bandwidth was used.
For 70 GHz proxy frequency, the relation between ACLR and output power is captured in TR 38.808, subclause 4.2.5.3 as is depicted in Figure 2.3-1-1. It should be noted that the output power is related to PA output (including package losses) and does not consider losses such as routing, switch losses etc. implying that the achievable power before the radiating elements would be lower.
As shown in Figure 2.3.1-1, the achievable output power decreases with increased ACLR. Figure 2.3.1-1 also depicts the relation between ACLR and PAE. 

[image: ] [image: ]
Figure 2.3.1-1: ACLR versus output power (left) and PAE versus ACLR (right)
Figure 2.3.1-1 indicates that a reasonable PAE of 5 to 10% considering the thermal challenges, a feasible ACLR level would be in the range of 20 to 25 dB for frequency bands within 52 to 71 GHz. The feasible ACLR values should be weighted in when possible co-existence studied are conducted to settle the ACLR requirements.
In addition, as for frequency ranges between 52 to 71 GHz larger bandwidths than for FR2 is anticipated (~2 GHz), it is also essential to consider the impact of ultra-wide bandwidths to account when defining the ACLR and unwanted emission requirements which is further elaborated below. 
Initial analysis of PA dependencies indicates a feasible ACLR range of 20 to 25 dB for 52 to 71 GHz considering reasonable power efficiency needed to handle the thermal aspects. As we expect larger bandwidths for 52 to 71 GHz, the bandwidth aspects should also be weighted in.

2.3.2 	Expected unwanted emission PSD levels
As large bandwidths such as 2000 MHz and 2160 MHz are discussed as maximum bandwidths for NR in 52.6 to 71 GHz, the Power Spectral Density (PSD) of the wanted signal/carrier needs to be considered before the emission aspects are further discussed.
The array antenna sizes has been agreed in TR 38.808, subclause 4.2.5.1 covering the array sizes of 8x16, 16x16 and 32x32. Assuming a moderate conducted power of -3.0 dBm per PA, element gain of 5.3 dBi, element loss of 2.2 dB and 2000 MHz of carrier bandwidth, the corresponding achievable TRP, EIRP and power spectral density over 1 MHz of the carrier can be calculated.
Table 2.3.2-1: Wanted signal PSD levels
	Array type

	Array size
	TRP
(dBm)
	EIRP
(dBm)
	TRP PSD
(dBm/MHz)

	[bookmark: _Hlk67666054]1
	8x16
	18.9
	47.4
	-14.1

	2
	16x16
	21.9
	53.5
	-11.1

	3
	32x32
	27.9
	65.5
	-5.1



It can be observed that the power spectral density of wanted signal for large carrier bandwidth is quite low and in case of array type 1 and 2 which is a reasonable implementation assumption, the power spectral density of wanted signal is more or less similar to in-band unwanted emission levels of -13 dBm/MHz given that the emissions from the PA outside the carrier would be even lower compared to carrier.
As all OTA unwanted emission requirements are expressed as TRP and assuming an ACLR level of 20 dB applied to wanted signal TRP, interesting observations can be made as shown in table 2.3.2-3.
Table 2.3.2-2: Expected emission PSD levels for licensed operation
	Array type

	Array size
	TRP
(dBm)
	TRP PSD
(dBm/MHz)
	Adjacent channel TRP PSD
(dBm/MHz)

	1
	8x16
	18.9
	-14.1
	-34.1

	2
	16x16
	21.9
	-11.1
	-31.1

	3
	32x32
	27.9
	-5.1
	-25.1



Thus, with an ACLR of 20 dB, the in-band emissions for in particular for array type 1 and array type 2 will be lower than the Category-B spurious emission limit of -30 dBm/MHz which is the strictest regulatory limit.
Assuming applicability of ACLR, for NR in 52.6-71 GHz, the current regulatory limits in relation to in-band emissions are far higher than what is achievable and does not seem to be relevant. In addition, as the strictest spurious emission limits can even be reached as in-band levels, the out-of-band level will in practice be lower and even Category-B spurious emission levels would be fulfilled by design as long as ACLR target level of 20 dB is fulfilled.
Observation 1: For large carrier bandwidths or large RFBW foreseen for NR in 52.6 to 71 GHz, the power spectral density of wanted signal to become so low where for some reasonable array sizes, the level is even lower than the unwanted emission limits. 
Observation 2: For large carrier bandwidths or large RFBW foreseen for NR in 52.6 to 71 GHz , due to very low power spectral density of wanted signal, when applying reasonable ACLR, the in-band emission levels become so low where for some reasonable array sizes, the level is even lower than the strictest spurious emission limits. 
This situation arises due to very large bandwidths and is unprecedented in relation to RAN4 specification work around unwanted emissions and should further be discussed before any requirements are settled.
For unlicensed spectrum with 40 dBm limits on peak EIRP, the array type 1 would imply a PA power of ~-10.4 dBm and the resulting power spectral densities as in table 2.3.2-3 where the achievable levels are by far below any regulatory limits.
Table 2.3.2-3: Expected emission PSD levels for unlicensed operation
	Array type

	Array size
	TRP
(dBm)
	EIRP
(dBm)
	TRP PSD
(dBm/MHz)
	Adjacent channel TRP PSD
(dBm/MHz)

	1
	8x16
	11.5
	40
	-21.5
	-41.5



Given the difficulties in OTA measurements of unwanted emissions when moving towards higher frequencies and the fact that strictest spurious emission levels can already be fulfilled as in-band levels which can be specified and tested without implications for large bandwidths, there is a need to discuss possible restriction on the range of spurious emission requirements or even the need for spurious emission requirements in RAN4 specifications for large carrier bandwidths and large RF bandwidth.
It should be noted that lower carrier bandwidths are foreseen for NR in 52.6-71 GHz but due to CA and aggregation, the RF bandwidth covering multiple carriers is anticipated implying that the RF bandwidth would be significantly larger and would possibly follow similar analysis as above. The handling of unwanted emission for ultra large bandwidths as well as when different carrier bandwidths are supported would require further discussion in RAN4.
Proposal 3: Due to large carrier bandwidth or large RFBW foreseen for NR in 52.6 GHz, as the unwanted emission levels due to low power spectral density of the signal become lower than unwanted emission limits, RAN4 should study how the unwanted emissions for large carrier bandwidths or RFBW should be handled.






2.4 	TDD ON/OFF transient period
In the TP to TR 38.802 TP to TR 38.808: Timing considerations for operation between 52.6 and 71 GHz [5], the transient periods are discussed. The relevant section is shown below.

	
4.2.2.2	Transient period
It was concluded during the SI, that improvements for transient period should be evaluated and the final agreement for transient period requirements shall be made during the work item. 
For transient period, the existing FR2 transient periods, i.e., 5 uS for UE and 3 uS for BS, might not applicable with higher subcarrier spacings, i.e., 480 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, this 5 uS transient period means that the first 4 OFDM symbols and 80 % of the fifth OFDM symbol are affected and cannot be used for data transmission. This causes significant system throughput degradation with higher SCS. In order to improve system performance, shorter transient period needs to be investigated in 52.6 – 71 GHz. Specification of transient periods during WI has to consider not only the general ON/OFF mask at start and end slot, during TDD DL/UL boundaries, used in guard period (GP) timing, but also other use cases related to UE UL, like SRS time mask and PUSCH-PUCCH and SRS time mask.
[bookmark: _Hlk67917419]Table 4.2.2.2-1 Performance implication of transient 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%


…



It is true that if we have a symbol at SCS = 480 kHz which is  and a UE transient which is 5 µs then each UE transient corresponds to  of symbol times, which is shown in the table above. However, there are more aspects to consider than just the ratio between the transient and the symbol time. However, there are other aspects to consider, for a balanced discussion of requirements, like the frequency of switch points. This is discussed below and in observation 5, in particular.
2.4.1	Guard Period Dimensioning
There is a relation between switching time, synchronization error, allowed guard period and cell size. This is outlined in earlier contributions [6,7] and can be summarised in the dimensioning equation for TDD, Equation  below:
[bookmark: _Hlk60048006][bookmark: _Hlk47117873][bookmark: _Hlk47616958]TGUARD ≥ 2* TSync + 2*Tprop_cell_edge +max ((TBS onè off), (TUE offè on)) + max ((TBS offè on), (TUE onè off))
[bookmark: _Ref46942364]Equation 2.4.1-1: The dimensioning equation for TDD
[bookmark: _Hlk46942868]Where TGUARD is the total guard period assigned to the system, TSync is the	 Cell Phase Synchronization requirement, Tprop_cell edge is the cell radius and TBS onè off, TUE offè on, TBS offè on and TUE onè off are the transmitter transient periods from TS 38.104 and TS 38.101. TGUARD = TAoffset + TDL_UL as per Figure  below.


[bookmark: _Ref46942251][bookmark: _Ref46942246]Figure 2.4.1-1. TDD Guard Periods at base station.
We can use Equation  to investigate Cell Phase Synchronization, in relation to other requirements in the equation:
1. If one assumes that cells in the frequency range of 52.6 GHz to 71 GHz are smaller than for lower frequency bands, then Tprop_cell edge in Equation  becomes smaller and the need for TGUARD decreases and overhead is reduced.
2. The reduced TGUARD, because of smaller cells, could be traded off with a higher UL/DL switch frequency (lower latency), compared to FR2 or more data (less overhead), again compared to FR2. In FR2, the parameters TBS and TUE from Equation  have the values TBS = 3 µs and TUE = 5 µs.
In the approved WF and TP for TR [8,9] we have “High throughput made possible by extremely wide available bandwidths appears as an attractive and feasible design target to be prioritized over improved latency”. The examples in tables Table  and Table 2 are calculated from Equation . We keep the overhead and guard period time exactly as for FR2 with SCS = 120 kHz (with switch point periodicity = 10 slots). Three different guard periods were picked and the cell radii calculated using Equation  as Tprop_cell_edge * c/2, where c is speed of light and Tprop_cell_edge traverse the cell diameter (hexagonal pattern). The overhead is defined as time for guard period divided by total time over the switch period.

[bookmark: _Ref47118122]Table 2.4.1-1: TBS = 3 µs, TUE = 5 µs, TSync = 3 µs, switch point periodicity = 40 slots
	SCS
	T_Guard (symbols)
	Cell Radius
	Overhead

	480
	8
	50
	1,4%

	480
	10
	363
	1,8%

	480
	12
	675
	2,1%



Table 2.4.1-2: TBS = 3 µs, TUE = 5 µs, TSync = 3 µs, switch point periodicity = 80 slots
	SCS
	T_Guard (symbols)
	Cell Radius
	Overhead

	960
	16
	50
	1,4%

	960
	20
	363
	1,8%

	960
	24
	675
	2,1%



Observation 3: The reduced TGUARD could be traded off with a higher UL/DL switch frequency (lower latency), compared to FR2 or more data (less overhead), again compared to FR2. 
[bookmark: _Hlk52796234]The overhead in Table  increase with cell size, since we need to add guard period for the propagation time between aggressor base station and victim base station [6,7]. The frequency range of 52.6 to 71 GHz will not cater for the longest ranges in table Table , more likely will be ranges according to the first and second row (Cell radius = 50 m and3634 m). This will reduce overhead.
Observation 4: The shorter cell radius of 52.6 to 71 GHz will limit overhead, since guard period is lower for smaller cells.
[bookmark: _Hlk60065459]The existing overhead in Table  for cell radius = 139 m and 474 m. of 1.4 % and 1.8 % remain quite low, even with existing TGUARD = 3 µs, TBS = 3 µs and TUE = 5 µs, for a reasonable cell radius in 52.6 to 71 GHz, if we keep the same switch period (in absolute time) as for SCS = 120 kHz. It is only the case where we need both very low latency and low overhead, which remains to be analyzed further. If the switch point periodicity goes from 40 slots to 20 slots and even 10 slots, then the overhead in Table  goes from 1.4 % and 1.8 % at 40 slots, to 2.8 – 3.6 % and 5.6 – 7.2 % for 20 and 10 slots, respectively. Given the amount of spectrum available in 52.6 to 72 GHz range, this is less critical.
Observation 5: Existing BS and UE transients and agreed Cell Phase Synchronization requirements TGUARD = 3 µs, TBS = 3 µs and TUE = 5 µs, results in low overhead, 1.4 % and 1.8 %, for reasonable cell ranges of 140 meters up to 500 meters and the same switch point periodicity (in absolute time) as for SCS = 120 kHz. If the switch point periodicity increases, then overhead increases, but given the amount of spectrum available in 52.6 to 72 GHz range, this is less critical.
Starting from observation 5, there are a few factors we can consider: 
a) If do not need we need low latency and low overhead, at the same time, then we are fine. 
b) If we do need low latency and low overhead, at the same time, then the first step is to lower UE transients to 3 µs, since Equation 1 has max ((TBS onè off), (TUE offè on)) + max ((TBS offè on), (TUE onè off)) as terms and TBS = 3 µs and TUE = 5 µs in FR2. 
c) Consider TBS = 2 µs and TUE = 2 µs, if TBS = 3 µs and TUE = 3 µs does not achieve the desired low latency and low overhead.
Observation 6: If both low latency and low overhead, are needed, at the same time then we consider first UE transients down to existing FR2 BS transients of 3 µs, as the first action, lower both UE and BS transients below 3 µs as second priority action. 
If the, switch point periodicity is longer, like in Tables 2.4.1-1 with 40 ms and Table 2.4.1-2 with 80 ms switch point periodicity, then any loss due to longer UE or BS transients, will occur less frequently. The quoted Table 4.2.2.2-1, from the technical report states “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”. This is true, but again we can control the loss with the switch point periodicity.
Observation 7: If the transient periods are long in relation to a symbol, then this will incur a loss of symbols, but we can control the loss with the switch point periodicity. 
2.4.2	UE RF Transients
In section 2.1 we showed that Guard Period Dimensioning can be managed with BS and UE transients similar to FR2, unless we need low latency and low overhead, at the same time. However, on the UE side the power management situation is complex, with many other cases to consider, besides Guard Period Dimensioning. In the FR2, UE RF specification [10], this is one and the same UE transient value for all cases. 
In section 2.1, the Guard Period Dimensioning timing was considered, and quite long transient times can be tolerated for that case. However, we also have the case of not being at a TDD UL/DL switch point and the mask in Figure 2 covers all those cases as well.
[image: ]
Figure 2.4.2-1. General ON/OFF time mask for NR UL transmission in FR2.
The PRACH time mask stipulates transients before and after the PRACH. This is another case to consider.
[image: ]
Figure 2.4.2-2 PRACH ON/OFF time mask.
For the SRS time mask, when power change between consecutive SRS transmissions is required, then Figure 6 and Figure 7 apply. Since the symbol time for SCS = 480 kHz is 2.23 µs and the symbol time for SCS = 960 kHz is 1.12 µs, then a UE transient time of 5 µs corresponds to 2.2 and 4.5 symbols respectively. 

[image: ]
Figure 2.4.2-3: Single SRS time mask for NR UL transmission

[image: ]
Figure 2.4.2-4: Consecutive SRS time mask for the case when no power change is required

[image: ]
Figure 2.4.2-5. Consecutive SRS time mask for the case when power change is required and when 60kHz SCS is used in FR2.
[image: ]
Figure 2.4.2-6. Consecutive SRS time mask for the case when power change is required and when 120kHz SCS is used in FR2.
For PUSCH-PUCCH and PUSCH-SRS time masks the existing UE RF specification [10] stipulates that the SRS is protected, insofar that the transient is designed to hit the PUSCH and the PUCCH slots. Since a UE transient time of 5 µs corresponds to 2.2 and 4.5 symbols for SCS = 480 kHz and SCS = 960 kHz, respectively, this case is similar to the SRS time mask.
[image: ]
Figure 2.4.2-7. PUCCH/PUSCH/SRS time mask when there is a transmission before or after or both before and after SRS.
Observation 8: Since the symbol time for SCS = 480 kHz is 2.23 µs and the symbol time for SCS = 960 kHz is 1.12 µs, then a UE transient time of 5 µs corresponds to 2.2 and 4.5 symbols respectively. This would lead to blanking of symbols for SRS and PUSCH-PUCCH and SRS cases.
Proposal 4: Final evaluation of transient times has to consider not only the general ON/OFF mask at start and end slot, for TDD DL/UL boundaries, used in GP timing, but also other use cases related to UE UL, like SRS time mask and PUSCH-PUCCH and SRS time mask. The cases of SRS time mask and PUSCH-PUCCH and SRS time mask have to be investigated in UE RF session.
2.5	Time alignment error
In the TP to TR 38.802: Timing considerations for operation between 52.6 and 71 GHz [5], the BS Time alignment error (TAE) is discussed. The relevant section is shown below.

	4.2.2.5	BS Time alignment error (TAE)
Another aspect of phase synchronization is MIMO operation and related TAE requirements.  The MIMO TAE requirement should be specified with the consideration of the implementation/deployment scenarios.  

Current BS OTA TAE requirements in clause 9.6.3 of TS 38.104 specify 65 ns for MIMO transmission [77]. It has been discussed in [78] that the current requirement has been in place since UMTS and is the same as quarter of the UMTS chip rate time, i.e. 65 ns matches to 1/(4x3.84) Mcps rate. Improvement in performance has taken place in the past 20 years, and therefore it would be reasonable to consider improvements to TAE requirements.




In TS 38.104 the current requirement for BS type 2-O (FR2), looks like this:
	[bookmark: _Toc21127660][bookmark: _Toc29811869][bookmark: _Toc36817421][bookmark: _Toc37260343][bookmark: _Toc37267731][bookmark: _Toc44712334][bookmark: _Toc45893647][bookmark: _Toc53178367][bookmark: _Toc53178818][bookmark: _Toc61178069][bookmark: _Toc61178541]9.6.3.3	Minimum requirement for BS type 2-O
For MIMO transmission, at each carrier frequency, OTA TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 130 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 260 ns.
For inter-band carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3 µs.



2.5.1 	MIMO TAE
Current MIMO requirement, up to and including SCS = 120 kHz for data for FR2 is 65 ns. We claim that the correct way to find TAE for MIMO is to find out what TAE we need for good DL MIMO performance for SCS = 480 kHz and SCS = 960 kHz, rather than just take existing requirement and divide by a proportionality factor.
The NR MIMO requirement originates, as pointed out in TR 38.808, from WCDMA ¼ * 3.84 Mcip/s = 65 ns. However, this has just been copied over into LTE and NR FR1 and NR FR2 without any technical analysis.
Observation 9: Existing NR MIMO TAE = 65 ns requirement has just been copied over into LTE and NR FR1 and NR FR2 without any technical analysis.
In AAS Work Items, there has been a lot of development regarding how to handle TAE. In AAS for radiated requirements, TR 37.843 [11], we have, for TAE: 

	[bookmark: _Toc21086123][bookmark: _Toc29768559][bookmark: _Toc45878173]5.5.3	Time Alignment Error
5.5.3.1	Background information on the conducted requirement
Timing Alignment Error (TAE) is a signal quality requirement specified for transmit diversity, MIMO transmission and CA. TAE is defined as the largest timing difference (i.e. error) between two reference signals, and is only applicable for base stations transmitting from multiple antennas via transmit diversity, MIMO, CA, or some combinations of these three. In case of NR, there is no TX diversity transmission mode defined. As a result, no TAE tests need to be developed for TX diversity for NR operation.
In the conducted test setup, the differences between two antenna ports is measured, depending of the functionality of the signal analyser, TAE between the two or more signals can be measured simultaneously. To achieve precise measurements, the RF cables being used during the conducted test should be equal in electrical length.
For AAS BS the number of TAB connectors could be large. Therefore, a concept for reducing number of test combinations was introduced in TS 37.105, sub-clause 6.5.3.4 [3]. In TAE requirement for AAS BS is designed as:
The TAE between any two TAB connectors from different transmitter groups shall not exceed the specified minimum requirements below.
, where transmitter groups are associated with the TAB connectors in the transceiver unit array corresponding to TX diversity, MIMO transmission, CA, etc.



We have, in particular, “The TAE between any two TAB connectors from different transmitter groups shall not exceed the specified minimum requirements below.” This means that AAS BS wit radiated requirements do not have TAE requirements inside a transceiver group. Instead the BS conformance EIRP and EVM verify actual performance. The statements for FR1 conducted requirements in 38.842 are similar.
Observation 10: AAS BS for radiated requirements do not have TAE requirements inside a transceiver group. Instead the BS conformance EIRP and EVM verify actual performance. This is a concept that could be investigated for the extension to 71 GHz WI as well.
Proposal 5: Investigate if TAE for MIMO in extension to 71 GHz WI can be based on the AAS method, i.e. no explicit TAE requirement, instead performance is verified in BS conformance EIRP and EVM.
2.5.2	CA TAE
For contiguous intra band CA we can reuse the assumption from LTE release-10 that the UE has a single FFT accommodating several carriers. 
Proposal 6: Single FFT assumed for intra band contiguous CA as UE architecture.
Given this assumption we observe that existing TAE = 130 ns works for FR2 SCS = 120 kHz for data. This corresponds to 0.13/8.33 = 1.56% of CP. This is a very low figure.
Proposal 7: Once a UE RX architecture is agreed, then link simulations and/or analytical calculations and investigations will give the actual requirement for TAE for intra band contiguous CA.
Intra band non-contiguous and inter band CA can be analysed in a similar way: 1) A UE reference architecture is assumed together with BS deployment cases (collocated and/or non-colocated) and 2) link simulations and/or analytical calculations and investigations will give the actual requirement for TAE for intra band non-contiguous CA and inter-band CA for the selected deployment cases.
Proposal 8: Once a UE RX architecture and deployment cases are agreed then link simulations and/or analytical calculations and investigations will give the actual requirement for TAE for intra band non-contiguous CA and inter band CA.

3. Conclusion
In this contribution we provide some additional technical information not captured in SI TR 38.808. The information is relevant for the WI phase when RF core requirements for NR to support the frequency range 52 to 71 GHz is developed. 
In addition to technical background information for some areas of interest for transmitter requirements a number of proposals have been collected and presented for approval with the intension to progress the work to develop relevant RF core requirements required to extend NR to support up to 71 GHz.

Proposal 1:
It is proposed to use parameter sets in Table 2.1-3 if co-existence simulations are considered or if antenna parameters are shared to other groups.

Proposal 2:
NR in 52.6 to 71 GHz should support modulation orders up to 64QAM.

Proposal 3: 
Due to large carrier bandwidth or large RFBW foreseen for NR in 52.6 GHz, as the unwanted emission levels due to low power spectral density of the signal become lower than unwanted emission limits, RAN4 should study how the unwanted emissions for large carrier bandwidths or RFBW should be handled.

Proposal 4: 
Final evaluation of transient times has to consider not only the general ON/OFF mask at start and end slot, for TDD DL/UL boundaries, used in GP timing, but also other use cases related to UE UL, like SRS time mask and PUSCH-PUCCH and SRS time mask. The cases of SRS time mask and PUSCH-PUCCH and SRS time mask have to be investigated in UE RF session.

Proposal 5: 
Investigate if TAE for MIMO in extension to 71 GHz WI can be based on the AAS method, ie no explicit TAE requirement, instead performance is verified in BS conformance.

Proposal 6: 
Single FFT assumed for intra band contiguous CA as UE architecture.

Proposal 7: 
Once a UE RX architecture is agreed then link simulations and/or analytical calculations and investigations will give the actual requirement for TAE for intra band contiguous CA.

Proposal 8: 
Once a UE RX architecture and deployment cases are agreed then link simulations and/or analytical calculations and investigations will give the actual requirement for TAE for intra band non-contiguous CA and inter band CA.
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