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1 Introduction
In RAN#95e meeting, a revised WID on NR support for dedicated spectrum less than 5MHz for FR1 was approved [1]. It focuses on market request from vertical industry with the operator bandwidth less than 5MHz, such as Future Railway Mobile Communication System (FRMCS) in Europe, Smart Grids in USA and Public Safety in Europe. In those above deployment scenarios, the possible available bandwidth for NR operation is 2.8~3.6 MHz for FRMCS or 3MHz for smart grids and Public Safety.
	The following objectives shall be included for dedicated FDD spectrum in FR1:
· Specify necessary RAN4 requirements to support deploying NR in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN4], including in bands n100, n106, n26, n28 and n85:
· Specify system parameters (including channel and sync rasters) for the associated dedicated spectrum.
· Minimize impact on RF requirements:
· Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
· Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n106, n26, n28 and n85.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.
Specify necessary UE/BS performance requirements for NR operation in dedicated FDD FR1 spectrum allocations from approximately 3MHz up to below 5MHz, corresponding to the core requirements:
· Specify necessary RRM performance requirements (RAN4)
· Specify necessary UE demodulation performance and CSI reporting requirements (RAN4)
· Specify necessary BS demodulation performance requirements (RAN4)
· Specify necessary BS conformance tests (RAN4)


In this document, we focus on the RAN4 demodulation aspects and discuss the potential enhancement for the dedicated spectrum less than 5MHz. 
2 Discussion
2.1 PBCH requirements
In last meeting[2], we agreed to define new requirement for PRB with 3MHz, 15kHz SCS, FDD, unknown SSB/PBCH index. However, for antenna configuration, it’s still FFS for 1 x 4. Firstly, we want to talk about the antenna configuration for PBCH requirement.
	Issue 1-3-1: Need for new requirement
Agreement
·  Define requirements for 12 PRB PBCH with 3 MHz CBW, 15kHz SCS, FDD, unknown SSB/PBCH index
·  No requirement for known SSB index
Issue 1-3-3: PBCH parameters
Agreement
· Use the follwoing parameters as a starting point
	Duplex 
	Bandwidth (MHz) / Subcarrier spacing (kHz) 
	SSB/PBCH index 
	Propagation condition 
	Antenna configuration and correlation matrix 
	Reference value 

	
	
	
	
	
	Pm-bch (%) 
	SNR (dB) 

	FDD 
	3 / 15 
	Unknown
	TDLC300-100 
	1 x 2 Low,
[FFS, 1x4]
	1 
	TBD 





From the WI[1], we know that dedicated FDD spectrum in FR1 from approximately 3MHz up to below 5MHz , including in bands n100, n106, n26, n28 and n85. 
Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R
	Operating band
	ΔRIB,4R (dB)

	n5, n8, n13, n28, n71, n85, n105
	-2.71

	n1, n2, n3, n25, n30, n40, n7, n34, n38, n39, n41, n66, n70
	-2.7

	n48, n77, n78, n79, n104
	-2.2

	NOTE 1:	4 Rx operation is targeted for FWA form factor


As shown in above table [3], 4Rx antenna port is mandatory for those operating bands, which including bands n28 and n85. And for other dedicated bands n100, n106 and n26, which only support 2Rx antenna port as mandatory. Considering not all possible bands from approximately 3MHz up to below 5MHz support 4Rx antenna port. So we propose only consider 2Rx antenna configuration for PBCH requirements.
Proposal 1. Only Considering 2Rx for PBCH demodulation requirements.
2.2 PDSCH requirements 
In last meeting, PDSCH requirements were discussed and some candidate options were reached for less than 5MHz. However, whether to define PDSCH requirement was still FFS.  
 
What’s more, we did some simulations [4] to evaluate the PDSCH performance with 15RB bandwidth. From our simulation results, we can find that there is no significant performance difference between 15PRB and legacy RedCap 52PRB.
However, considering the 3MHz is targeting for special deployment to support railway communication. RAN4 should consider to introduce the PDSCH requirements with 3MHz for FDD in FR1. Considering there is no processing enhancement for baseband. If introduce PDSCH requirements, RAN4 could consider to introduce limited test cases for 3MHz requirements with 15kHz FDD.  
Observation 1. In our simulation results, no significant performance difference between 15PRB and legacy RedCap 52PRB.
Proposal 2. If RAN4 defines PDSCH requirements for 3MHz, propose to introduce limited test cases.

PDSCH requirements in HST scenario
One FFS issue of PDSCH requirements in HST scenario in last meeting are listed in following:
	Way forward
· FFS, whether to introduce PDSCH requirements for less than 5MHz CBW in HST conditions with the speed up to 500 km/h:
· Option 1: Use HST DPS propagation conditions (B3.3) and test 5.2.2.1.10 as a reference
· Option 2: Use TS 38.101-4 Table 5.2.2.1.1-3 Test 1-6 [single-tap propagation conditions B.3.1] as a reference
· 64QAM, 0.43, HST-972, Rank 1, 1Tx, 2Rx/4Rx.
· Other options are not precluded
· FFS, the paramters (Dmin, Ds, f_d) of high speed propogation conditions


For less than 5MHz, It focuses on market request from vertical industry with the operator bandwidth less than 5MHz, such as Future Railway Mobile Communication System (FRMCS) in Europe. And in previous RAN #99 meeting [5], which explicitly defined UE speeds up to 500km/h should be targeted for Band n100. In our understanding, RAN4 should consider defining HST scenario for less than 5M, which only support band n100. 
Regarding the HST conditions, from our point of view, we prefer to consider DPS propagation for less than 5MHz.

Proposal 3. For HST scenario, propose to consider DPS propagation conditions for less than 5MHz.

2.3 PDCCH requirements
One FFS issue of PDCHH demodulation performance requirements in last meeting are listed in following:
	FFS, whether new PDCCH demodulation performance requirements needs to be introduced in less than 5 MHz CBW:
· Consider only 15KHz SCS, FDD, 2Rx, FFS for 4Rx
· Option1: Don’t define PDCCH requirements for channel bandwidth less than 5MHz
· Non punctured PDCCH:
· Option 2: Define (non-punctured) PDCCH demodulation requirements with 15PRBs, 3MHz CBW, for UE supporting NR_FR1_lessthan_5MHz_BW:
· 12 PRB CORESET
· 2 symbols, AL2, DCI 1_0 (35 bits for 15 PRBs)
· Option 3: Define (non-punctured) PDCCH demodulation requirements with 24 PRB PDCCH, for 5 MHz CBW with AL 4.
· Punctured PDCCH:
· FFS, how to address the testability issue, i.e., no ACK/NACK for the SIB1 scheduled by PDCCH in CORESET#0.
· Option 4: If the testability issue can be resolved than consider PDCCH demodulation requirements with punctured PDCCH for CORESET#0 (FFS, testing punctured PDCCH mapped to USS in CORESET#0)
· with 3 symbols AL 8 PDCCH with 3 MHz CBW, interleaved
· Other options are not precluded


Regarding non-punctured PDCCH requirement, in our understanding, aggregation level is the decisiveness factor 
for performance. And the number of CORESET only determines which aggregation level can be supported. So for 
less than 5MHz scenario, if we consider 12PRB CORESET for performance evaluation. The maximum aggregation level that can be supported is AL2 for 2 symbols PDCCH. If we considering new PDCCH requirements and legacy requirements in AL2 with same assumptions. The performance requirements would be same for new and legacy requirements. So, we think there is no need to consider new PDCCH requirements for less than 5MHz.
And for punctured PDCCH requirement, we all know that puncturing scenario is defined for CORESET#0, which is common search space (CSS). Based on our understanding, CSS is mainly used for UE accessing and handover. Generally speaking, feedback information of ACK/NACK scheduled by PDCCH, also we can test PDCCH requirements in RAN5. Indeed, there is no service data is transmitted during UE accessing or handover. It means that we can’t test PDCCH requirements for CORESET#0. Even if RAN4 defines PDCCH requirements for CORESET#0, which is meaningless. In other words, If RAN4 can resolve the test ability issue for PDCCH in CORESET#0, RAN4 should consider only define PDCCH requirements.
Proposal 4. For non-punctured PDCCH requirements, propose to don’t define requirements for less than 5MHz.
Proposal 5. For punctured PDCCH requirement, if If RAN4 can resolve the test ability issue for PDCCH in CORESET#0, RAN4 should consider define PDCCH requirements.
2.4 CSI requirements
	Issue 1-4-1: A need for new requirements
Way forward:
Further discussion is needed whether to introduce new CSI reporting requirements for channel bandwidth less than 5MHz:
· Option1: Define CSI requirements for CBW=3MHz and SCS=15kHz: PMI, CQI and RI.
· Option 2: Do not CSI requirements.
FFS, requirements and applicability rules if UE supports only less then 5MHz CBW.



As there is no RAN1 specification change for CSI-RS, we prefer not to define requirements for CSI in less than 5MHz.
Proposal 6. For CSI requirements, propose to don’t define requirements in less than 5MHz.

3 Conclusion
In this contribution, we give some discussions on demodulation performance requirements for less than 5MHz demodulation requirements, The conclusions are:
Proposal 1. Only Considering 2Rx for PBCH demodulation requirements.
Observation 1. In our simulation results, no significant performance difference between 15PRB and legacy RedCap 52PRB.
Proposal 2. If RAN4 defines PDSCH requirements for 3MHz, propose to introduce limited test cases.
Proposal 3. For HST scenario, propose to consider DPS propagation conditions for less than 5MHz.
Proposal 4. For non-punctured PDCCH requirements, propose to don’t define requirements for less than 5MHz.
Proposal 5. For punctured PDCCH requirement, if If RAN4 can resolve the test ability issue for PDCCH in CORESET#0, RAN4 should consider define PDCCH requirements.
Proposal 6. For CSI requirements, propose to don’t define requirements in less than 5MHz.
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