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Introduction
The work item “extending current NR operation to 71GHz” defines the following objectives related to BS demodulation and conformance tests ‎[1]:
	Specify the following requirements [RAN4]
· Base station demodulation performance requirements
· Base station conformance testing


From WI description ‎[1], We list below the objectives that possibility impact the BS demodulation performance requirements and tests: 
	According to the outcome of the study item on Supporting NR above 52.6GHz and leveraging FR2 design to the extent possible, this WI extends NR operation up to 71GHz considering, both, licensed and unlicensed operation, with the following objectives [that possibility impact the BS demodulation performance requirements]:
· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
...
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation. 
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI 
Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
[bookmark: _Hlk58595024]…
· [bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 
…
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.
...
· Similar to regular NR and NR-U operations below 52.6GHz, NR/NR-U operation in the 52.6GHz to 71GHz can be in stand-alone or aggregated via CA or DC with an anchor carrier.


 
In this paper we provide our view on the BS demodulation requirements. We present the new requirements emerge from extending current NR operation to 71GHz, and how those new requirements may influence the requirements based on the existing PRACH, PUCCH, and PUSCH performance requirements. We also include some discussion of the typical use cases and resulting configuration scenarios, on which we base our requirement proposals.
[bookmark: _Ref31793955]Extending current NR operation to 71GHz description
The motivation of introducing the support of reduced capability NR devices WI was given in ‎[1], ‎[2] and it can be summarized as follows: 
· Provide high speed data rate, low latency, and high capacity due to the enormous amount of available contiguous bandwidth. 
· Support various use cases with wide range of deployment scenarios.  
In NR Rel-15 two frequency ranges were defined for operation:
· FR1 spanning from 410MHz to 7.125GHz
· FR2 spanning from 24.25GHz to 52.6GHz
RAN1 and RAN4 carried out a Rel-17 study on supporting NR from 52.6 GHz to 71GHz. Subcarrier spacing of 120kHz with normal cyclic prefix was recommended to be supported and it was identified the need for new additional subcarrier spacings 480kHz, and 960kHz to be introduced for this frequency range.
FR2 is extended to cover 24.25GHz to 71GHz with FR2-1 for 24.25-52.6GHz and FR2-2 for 52.6-71GHz. Whenever the FR2 is referred, both FR2-1 and FR2-2 frequency sub-ranges shall be considered in this release, unless otherwise stated. The designations FR2-1 and FR2-2 should only be used when needed.
Specification changes relevant to BS demodulation performance
In this section, we evaluate the potential BS demodulation performance differences of features introduced by the NR_Ext_to_71GHz WI, over Rel-15/16 baseline.
Subcarrier spacing, CP length, and Channel bandwidths
In ‎[5], new numerologies are added with normal cyclic prefix to TS 38.211 Table 4.2-1 with  for subcarriers frequencies 480 kHz and 960 kHz respectively. Table ‎2‑1 shows the slot duration and CP length of FR2-2 numerologies. 
[bookmark: _Ref94601106]Table ‎2‑1: Slot duration and CP length of FR2-2 numerologies
	Numerology
	Slot duration
	CP length
	Maximum FFT size

	120 kHz
	125 us
	585.9 ns
	4096

	480 kHz
	31.25 us
	146.5 ns
	

	960 kHz
	15.625 us
	73.24 ns
	



These new numerologies are applicable for DL channels/signals and UL channels/signals such as PRACH, PUCCH, and PUSCH. In BS demodulation performance requirements specification, no requirement was defined for . Hence, we think new performance requirements are needed to be defined. 
[bookmark: _Toc95313958] Operation in FR2-2 includes support of 120, 480, and 960 kHz SCS. 
 No BS demodulation performance requirements is defined for PRACH, PUCCH, and PUSCH for SCS 480 kHz and 960 kHz. 
 Specify new BS demodulation performance requirements for PRACH, PUCCH, and PUSCH for SCS 480 kHz and 960 kHz.
BS channel bandwidths and SCS per operating band in FR2-2 were introduced by RF in ‎[9]. 
	Table 5.3.5-1: Channel bandwidths for each NR band
	Operating band
	SCS (kHz)
	UE channel bandwidth (MHz)

	
	
	50
	100
	200
	400
	800
	1600
	2000

	n257
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n258
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n259
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n260
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n261
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n262
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n263
	120
	
	100
	
	400
	
	
	

	
	4802
	
	
	
	400
	800
	1600
	

	
	9602
	
	
	
	400
	800
	1600
	2000

	NOTE 1:	This UE channel bandwidth is optional in this release of the specification.
NOTE 2:   This SCS is optional in this release of the specification.

Editor’s note: Optional/mandatory CHBW discussion is still on-going and further modifications are possible.






 New channel bandwidths have been introduced in FR2 for 480 kHz and 960 kHz SCS. 
 CBW 800 MHz, 1600 MHz, and 2000 MHz are new in FR2 and introduced specifically for FR2-2. 
 Consider all the new CBWs for the performance with 480 and 940 kHz SCS. i.e., 800 and 1600 MHz for SCS 480 kHz, and 800, 1600 and 2000 MHz for SCS 960 kHz.
Channel model

In ‎[2], the deployment scenarios for FR2-2 are indoor hotspot, dense urban, urban micro, urban macro, rural, factory hall, and indoor D2D scenario. In D2D deployment scenario the wireless channel between the UE and the BS can be assumed static (WAGN channel). While in other scenarios the channel model could be assumed Multi-path fading propagation conditions. Hence, we propose to assume both propagation conditions when designing tests for FR2-2. 
 The covered deployment scenarios of FR2-2 require performance requirements under static propagation condition and Multi-path fading propagation conditions. 
 Both static propagation condition and Multi-path fading propagation conditions could be considered when defining new requirements and test cases.
As part of the study phase for operation between 52.6 and 71 GHz, extensive system level evaluations were performed in order to identify the delay spread in typical scenarios. The results are summarized in ‎[3] as shown below:

	[bookmark: _Toc56024725][bookmark: _Toc56025973][bookmark: _Toc56754139][bookmark: _Toc57035444][bookmark: _Toc57036060][bookmark: _Toc57038175][bookmark: _Toc57038300][bookmark: _Toc65589807]6.3	Summary of delay spread evaluations
The following are observations on the delay spread distribution:
-	One source [60] observed that for the delay spread distributions for the typical indoor scenarios evaluated, the delay spread of almost 80% of the users are less than 30 nsec.
-	One source [18] observed that Factory Scenario A (InF-DH) results in post-beamforming delay spreads that are a significant fraction of the CP duration for 960 kHz SCS.
-	One source [63] observed that 85% of the UE experience r.m.s delay spread small than CP length of 1.92 MHz subcarrier spacing (i.e. 36.6ns) in indoor, outdoor, and factory scenarios.
-	One source [30] observed that for small range indoor hotspot deployment, the channel delay spread is not an issue with normal CP. For outdoor scenarios with larger ISD and at moderate to high SNR (this may be produced by higher EIRP or smaller BW), normal CP demonstrates SINR degradation compared to extended CP. However, for such large coverage, high EIRP, and small BW use cases, we can choose to use a small SCS, e.g., 120kHz, with NCP.
-	One source [38] observed that while each scenario experiences different amounts of r.m.s. delay spread, regardless of scenarios, most of UEs experience smaller r.m.s. delay spreads than normal CP of 960 kHz. 




As part of these results, it can be identified that typically the delay spread is contained within 30 ns in the scenarios that were evaluated. As an example, ‎[10] and ‎[11] show system level evaluation with pre- and post-beamforming RMS delay spread. The results show that BF results in a significant reduction of delay spread in this frequency range. Additionally, in Indoor factory scenarios, a significant portion of the UEs might experience delay spread between 10 and 20 ns. Considering that type of distribution, it is reasonable to assume that a gNB would adapt the SCS and MCS depending on the UE propagation conditions that would also include the delay spread.

[bookmark: _Toc95313964][bookmark: _Toc95726194]Scheduling and link adaptation typically allocates large SCS and MCS in situations with low delay spread. 
[bookmark: _Toc95313965][bookmark: _Toc95726195]Distribution of the delay spread in typical scenarios for operation in FR2-2 are mostly concentrated bellow 30 ns, with a large part of the samples experiencing delay spread between 10 and 20 ns. 
[bookmark: _Toc95313966][bookmark: _Toc95726196]Existing RAN4 requirements include TDLA30 as the minimum delay spread for fading channels. 
[bookmark: _Toc95313967][bookmark: _Toc95726197]RAN4 to study the use of TDLA10 and TDLA20 for demodulation requirements with large SCS and high MCS. 
The doppler shift for FR2 is given in TS 38.104 in Table G.2.2-2 shown below 
	[image: ]



Doppler shift normally is calculated using the following equation:

where  is the relative speed between the UE and the BS.  is the carrier frequency.  is the doppler shift.  is the speed of light. 
Since doppler shift is directly proportional to the carrier frequency, it is expected to be higher in FR2-2 compared to FR2-1. Hence, we propose to increase the doppler shifts for FR2-2 over the one considered in Table G.2.2-2. 
[bookmark: _Toc95726198] Doppler shift is directly proportional to the carrier frequency; Hence, it should be higher in FR2-2 compared to FR2-1.
[bookmark: _Toc95726199] Simulation assumption for FR2 was 30 GHz. 
[bookmark: _Toc95726200] Double the doppler shifts in FR2-2 than the ones already used for FR2-1. i.e., TDLAxx-150, and TDLAxx-300.

RACH
In Rel-15, FR2 only supports sequence length of 139 for 120 kHz SCS which occupies 16.68 MHz BW. For NR operation in the range of 52.6 GHz to 71 GHz, unlicensed band has been identified within the frequency range. Similar to unlicensed band in FR1, there will be a PSD limit and an EIRP constraint in higher bands as well. For example, in use cases other than outdoor, there is PSD limit of 23 dBm/MHz with up to 40 dBm EIRP. While some mobile terminals may have EIRP of 23 dBm, some other user terminals (e.g., CPE) may be able to operate at higher EIRP up to 40 dBm. For these high capability UEs, to fully take advantage of the 40 dBm EIRP limit, ~50 MHz (calculated based on the below equation) transmission bandwidth is needed under the 23 dBm/MHz PSD limit.

In order to increase the EIRP in this situation, RAN1 has defined wider PRACH combinations of and  as shown in Table ‎2‑2 and illustrated in Figure 1. 
[bookmark: _Ref94785606]Table ‎2‑2 Combinations of and  specified for FR2-2
	
	
	PRACH occasion BW (MHz)

	120 kHz
	139
	16.68

	
	571
	68.5

	
	1151
	138.24

	480 kHz
	139
	66.7

	
	571
	274

	960 kHz
	139
	133.4




[bookmark: _Ref95746148]Figure 1 Overview of the FR2-2 PRACH sequences for different LRA. 
 New combinations of and  is introduced for FR2-2. 
 RAN4 to introduce performance requirements for the new combinations of and  introduced for FR2-2.

Multi-PUSCH scheduling
In the WID, one of objectives is to support multi-PDSCH/PUSCH scheduling by a single DCI. One of the main motivations is to reduce the need for monitoring PDCCH in every slot for high SCS values. Multi-slot scheduling for PUSCH was introduced in Rel. 16 NR-U, where a single DCI can schedule multiple UL TBs across multiple slots. The multi-PUSCH scheduling defined in Rel-16 NR-U is the baseline for multi-PUSCH scheduling in Rel-17. And for the moment we do not see an impact that require defining new demodulation requirements for multi-PUSCH scheduling in Rel-17. 
 Multi-PUSCH scheduling defined in Rel-16 NR-U is used as a baseline for multi-PUSCH scheduling in Rel-17. and not major modification are spotted with respect to Rel-16.
 RAN4 not to define new BS demodulation requirements for multi-PUSCH scheduling in Rel-17. 

PUCCH enhanced formats
The transmission power of PUCCH signal under PSD/EIPR restriction would be limited which leads to a coverage loss. Before the introduction of this WID, PUCCH formats 0, 1, 4 could occupy only one RB for transmission, and since the max UE emitted power depends on the allocated bandwidth, PUCCH transmission at devices own Effective Isotropic Radiated Power (EIRP) limit cannot be achieved specially for 120 kHz. Therefore, these formats require further enhancements to ensure transmission power under EIRP/PSD requirements. One straightforward extension would be to allow for larger RB allocation for PUCCH formats 0/1/4 as well, similar to PUCCH format 2/3. Hence, For FR2-2, multi-RB PUCCH format 0, 1, and 4 enchantment for 120/480/960 kHz SCS was adopted. 
 For FR2-2, multi-RB PUCCH format 0, 1, and 4 enchantment for 120/480/960 kHz SCS is supported.
 Specify BS demodulation requirements for multi-RB PUCCH format 0, 1, and 4.  


[bookmark: _Hlk31794208]Conclusion
In this contribution, we have provided an overview of extending current NR operation to 71GHz related features and we have made the following proposals and observations:
Concerning SCS, and channel bandwidth
1. Operation in FR2-2 includes support of 120, 480, and 960 kHz SCS. 
No BS demodulation performance requirements is defined for PRACH, PUCCH, and PUSCH for SCS 480 kHz and 960 kHz. 
1.  Specify new BS demodulation performance requirements for PRACH, PUCCH, and PUSCH for SCS 480 kHz and 960 kHz.

Observation 1: New channel bandwidths have been introduced in FR2 for 480 kHz and 960 kHz SCS. 
Observation 2:  CBW 800 MHz, 1600 MHz, and 2000 MHz are new in FR2 and introduced specifically for FR2-2. 
Proposal 1:  Consider all the new CBWs for the performance with 480 and 940 kHz SCS. i.e., 800 and 1600 MHz for SCS 480 kHz, and 800, 1600 and 2000 MHz for SCS 960 kHz.

Concerning channel model
The covered deployment scenarios of FR2-2 require performance requirements under static propagation condition and Multi-path fading propagation conditions. 
 Both static propagation condition and Multi-path fading propagation conditions could be considered when defining new requirements and test cases.

Observation 3: Scheduling and link adaptation typically allocates large SCS and MCS in situations with low delay spread. 
Observation 4: Distribution of the delay spread in typical scenarios for operation in FR2-2 are mostly concentrated bellow 30 ns, with a large part of the samples experiencing delay spread between 10 and 20 ns. 
Observation 5: Existing RAN4 requirements include TDLA30 as the minimum delay spread for fading channels. 
Proposal 2: RAN4 to study the use of TDLA10 and TDLA20 for demodulation requirements with large SCS and high MCS. 

Doppler shift is directly proportional to the carrier frequency; Hence, it should be higher in FR2-2 compared to FR2-1.
 Simulation assumption for FR2 was 30 GHz. 
 Double the doppler shifts in FR2-2 than the ones already used for FR2-1. i.e., TDLAxx-150, and TDLAxx-300.

Concerning RACH
New combinations of and  is introduced for FR2-2. 
 RAN4 to introduce performance requirements for the new combinations of and  introduced for FR2-2.

Concerning Multi-PUSCH scheduling
Multi-PUSCH scheduling defined in Rel-16 NR-U is used as a baseline for multi-PUSCH scheduling in Rel-17. and not major modification are spotted with respect to Rel-16.
 RAN4 not to define new BS demodulation requirements for multi-PUSCH scheduling in Rel-17. 

Concerning PUCCH enhanced formats

For FR2-2, multi-RB PUCCH format 0, 1, and 4 enchantment for 120/480/960 kHz SCS is supported.
 Specify BS demodulation requirements for multi-RB PUCCH format 0, 1, and 4.  
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Table G.2.2-

: Channel model parameters for FR2

Combination name Tapped delay line Maximum Doppler
model frequency
TDLA30-75 TDLA30 75 Hz
TDLA30-300 TDLA30 300 Hz





