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[bookmark: _Ref145072507]Introduction
The main objectives for the <5MHz from the WID [1] are:

	 Objective of SI or Core part WI or Testing part WI
The following objectives shall be included for dedicated FDD spectrum in FR1:
· Identify and specify necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN1]:
· Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix.
· For SSB:
· Reuse PSS/SSS specification without puncturing.
· PBCH based on current design 
· Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.
· 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, n8, n26 and n28:
· 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, n8, n26 and n28.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.




In addition the <5MHz work item defines the following (highlighted in green) objectives related to UD demodulation performance and CSI requirements ([1]):
	 
“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 the following contribution we will provide Nokia’s view on the background and scope for RAN4 to specify UE demodulation performance and CSI reporting requirements related to less than 5MHz CBW. In addition, we will also provide our view observations and proposals if needed.

Discussion
Background
The Work Item on NR support for dedicated spectrum less than 5MHz for FR1 specifies a new 3 MHz channel bandwidth with 15 PRB and provides support for 12 and 20 PRB transmission bandwidths for 3 and 5 MHz channel bandwidth. The 3 MHz channel bandwidth helps in utilizing small spectrum allocations on various bands, for example, electric utilities such as smart grids. The 12 and 20 PRB transmission bandwidths are designed specifically for rail communications in Europe, where Future Railway Mobile Communication System (FRMCS) forms the basis for digitizing rail operations.
The new 3 MHz channel bandwidth, as well as the 12 and 20 PRB transmission bandwidths allow for gradual migration from the present GSM-R systems to 5G NR, while leaving room for a necessary number of GSM-R carriers on the same band (n100).
The following agreements have been made in RAN1 [6]:
For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4): 
· PBCH transmission bandwidth is 12 PRBs.
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported.
· In Case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used with 𝑁RB CORESET = 12, i.e., 12PRBs are indicated without puncturing.
· In Case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured.
· Both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported.
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2.
· SSB and CORESET#0 multiplexing pattern 1 is used.
· REG bundle size = 6.

Scope
The work item specifies support for 3 MHz (15 PRB) channel bandwidth for FR1. The only supported subcarrier spacing (SCS) is 15 kHz, and only normal CP is considered. Furthermore, 12 and 20 PRB transmission bandwidths are supported for 3 and 5 MHz channel bandwidths, respectively.
Reduced bandwidth requires changes to some of the physical channels, that would otherwise occupy a larger number of PRBs:
· The bandwidth of PBCH was reduced to 12 PRBs for 3 MHz channel bandwidth by puncturing the lower and the upper 4 PRBs of the 20 RB PBCH. 
· The bandwidth of CORESET#0 was reduced to match the transmission bandwidths of 12, 15 and 20 PRB. The Table 13-0 in TS 38.213 [3] indicates the CORESET#0 size to apply.[8] 
· For the 12 PRB transmission bandwidth, the CORESET#0 is mapped to 12 PRBs.
· For the 15 PRB transmission bandwidth, the CORESET#0 is obtained by puncturing the nine highest PRB of the 24 PRB CORESET#0.
· For the 20 PRB transmission bandwidth, the CORESET#0 is obtained by puncturing the four highest PRB of the 24 PRB CORESET#0.
For dedicated spectrum with 3 MHz channel bandwidth, the frequency position and bandwidth of the initial downlink bandwidth part (BWP) are equal to the CORESET#0 transmission bandwidth if UE is not provided with initialDownlinkBWP IE. Additionally, UE capable of 20 PRB CORESET#0 can be configured with a 20 PRB BWP. 

[bookmark: _Ref146562711][bookmark: _Ref145938547]Requirements for UE only supporting 5MHz and lower CBW
In the current version of 38.101-4 [4], mainly requirements for 10MHz CBW when SCS=15kHz are used. Effectively this means that UE that only supports CBW of 5MHz and/or lower will not be tested.
Some frequency bands today do not contain higher CBW than 5MHz, hence it should be considered to include requirements for 5MHz CBW. Bands which have only 5MHz CBW with SCS=15kHz are {n51(TDD), n54(TDD), n76(SDL), n100(FDD)}
As the WID specifically dictates focus shall be on FDD bands, only n100 is relevant and since there will likely be UEs in deployment only supporting n100, RAN4 will need to consider defining requirements for 5MHz CBW and in some cases also 3MHz CBW.
The frequency band n100 only support 3 and 5MHz CBW (see R4-2304575). It is expected that there will be UEs in deployment, which support only band n100, hence requirements with 5MHz and/or 3MHz CBW, SCS 15kHz is needed.

[bookmark: _Ref146562742]Effect of 3MHz CBW and low number of PRBs
In 3MHz CBW the effects from the PRBs on edge of the CBW will be higher compared to existing 10MHz requirements where the higher number of PRBs will reduce the effect from the edge PRBs. This means, that the UE performance will be very susceptible to the edge effect of the implementation in particular the channel smoothening and filter implementation requiring the current implementations to be improved.
With 3MHz CBW, the UE performance will be very susceptible to the edge effect of the implementation in particular the channel smoothening and filter implementation, hence UEs supporting <5Mhz is expected to have a different implementation compared to existing UEs.

High Speed Train (HST) requirements
FRMCS is one of the important use cases for the less than 5MHz support [1]. Therefor at RP#99 it was agreed that speeds up to 500km/h should be considered in the WI [2]:
	- UE speeds up to 500km/h should be targeted for Band n100 without impact to RAN1.



Railway deployments and maximum speeds up to 500 km/h have been considered in the past for HST in FR1, originally introduced in 3GPP Rel-16. HST FR1 requirements were defined only PDSCH, and for Dynamic Point Selection (DPS) and several Single Frequency Network (SFN) transmission schemes. The corresponding propagation conditions are defined in Appendix B3.3 of TS 38.101-4.
FRMCS deployments in n100 band are expected to have long inter-site distances on the level of several kilometres. Hence, SFN transmission scheme is not beneficial because the contribution of the far most cells in the joint transmission will not be significant.
At the same time, high speed conditions together with the narrower bandwidth can results in different demodulation performance in comparison with existing requirements.
UE speeds up to 500km/h should be targeted for Band n100. Such conditions and only PDSCH requirements were considered for HST FR1 deployments in Rel-16.
At the same time, the operating companies will need performance reference for the planning of FRMCS deployments.
RAN4 to consider HST DPS propagation conditions for the evaluation of demodulation performance with less than 5 MHz CBW.

Demodulation Performance
[bookmark: _Ref145934593]PDSCH performance requirements
In addition, as indicated in section 2.2.2, we expect UEs supporting <5Mhz CBW to have more enhanced implementation which will not show up in 10MHz CBW to support the increased edge effects related to the 3MHz CBW and low number of PRBs.
Performance of UE implementation which can support the increased edge effects related to the 3MHz CBW and low number of PRBs will not show up in existing requirements for 10MHz CBW.
Define FDD PDSCH demodulation requirements for SCS=15kHz and 3MHz CBW.

PBCH performance requirements
PBCH is defined across 20PRBs as shown in Figure 1.
[image: ]
[bookmark: _Ref145580613]Figure 1: SSB structure at 15 kHz subcarrier spacing.
Due to the restrictions for <5MHz CBW configuration, there will only be 12 PRB PBCH when NW is configuring UE for <5MHz CBW, hence puncturing of the PBCH will be required. Based on the fact that PSS and SSS cannot be punctured, 4 PRB will be punctured on each side of PSS/SSS. The position of the 12 PRBs of PBCH within the 3 MHz CBW can change according to what is shown in Figure 2 depending on sync raster point. We do not foresee big difference in simulation results for the different sync raster points, hence defining one requirement for 12PRB PBCH will suffice. 
New sync raster is introduced for 3 MHz CBW, hence UE can find the number of PRBs used for PBCH based on the sync raster.

[bookmark: _Ref145580787]Figure 2: 12-RB SSB position on 15 RBs of 3 MHz CBW
In case of only 12 PRBs for the SSB, the PSS and SSS will have to be fully included in the SSB, hence 4 PRB will be punctured on each side of PSS/SSS. 
For both 12 and 15 PRB, the first and last 4 PRBs of a 20PRB PBCH will be punctured, hence it is enough to define requirements for only 12 PRB as we expect similar performance for 15PRB.
Define requirements for 12 PRB PBCH with 3 MHz CBW. 
For the propagation conditions to be used, we do not see a reason to divert from already used propagation conditions with existing 10MHz CBW.
Use TDLC300-100 channel model for PBCH requirements as a starting point.

In our previous RRM paper [9], we have demonstrated link-level simulations results for PBCH that is relevant to the demodulation performance. It can be seen that PDCH performance is impacted when CB is less than 5 MHz is used (e.g., 12 PRBs or 15 PRBs) at the speed of 500 km/h.

RAN4 to further evaluate the feasibility of defining PBCH demodulation requirements in HST conditions.

PDCCH performance requirements
For PDCCH with 15 allocation, puncturing will be required for AL8 or higher. In addition, 3 symbol coreset shall be considered to have high aggregation level with reduced puncturing compared to what can be achieved with 2 symbol coreset.
Figure 3 shows the impact of puncturing for different aggregation levels when using 2 or 3 symbols when 15RB coreset#0 is used for both interleaved and non-interleaved configurations. Figure 4 shows up to AL4 with 12 PRBs where no puncturing is supported.
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[bookmark: _Ref145587997]Figure 3: CCE to REG mapping with interleaved and non-interleaved options in 15 RB CORESET#0
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[bookmark: _Ref145588109]Figure 4: CCE to REG mapping with interleaving in 12 RB CORESET#0.
As can be seen from the figures, it is possible to contain AL4 inside 12 PRB configuration without the need for puncturing, however AL8 cannot be ensured with 15 PRB without puncturing.
Since AL4 can be transmitted without puncturing using 15RBs, we do not see the need to define PDCCH performance requirements for 12RB configuration as long as performance requirements are defined for AL4 with 15RBs.
PDCCH with AL4 can be transmitted without puncturing when coreset is configured with 12PRBs.
As puncturing is required for AL8 independent if 2 or 3 symbols are used for the coreset, PDCCH performance requirements shall as minimum be defined with AL8.
In addition, it can be seen from Figure 3, that the amount of punctured RBs differs significantly if 2 vs. 3 symbols are used for the coreset. Normally the mostly used configuration in existing deployment would be to use 2 symbols as in most cases there will be enough RBs to sustain high AL, however for <5MHz CBW this will likely change and 3 symbol coreset can be expected to be seen more in deployment. With regards to the need of puncturing and that the use of 3 symbol coreset will reduce puncturing, we see defining requirements for both 2 and 3 symbol coreset to be relevant to cover both high and low level of puncturing for AL8.
PDCCH with AL8 will always be punctured when coreset is configured with 15PRBs.
For <5MHz CBW, 3 symbol coreset will be seen more often in network deployment to reduce the number of punctured CCEs.

As can be seen from Figure 3, using interleaving will increase the number of punctured CCEs for both 2 and 3 symbol coresets, hence interleaving  also be considered for requirement definition.
With AL8, the use of CCE to REG mapping with interleaving will introduce higher number of punctured RBs.
Our simulation results show significant differences in SNR levels when CCE puncturing occurs, hence we see it feasible to define requirements with both 2 and 3 symbols as well as with and without interleaving.
Introduce requirements for PDCCH with 15 PRB for 3MHz CBW with AL4 and AL8. Consider both 2 and 3 symbols as well as either with or without interleaving.

For the propagation conditions to be used, we do not see a reason to divert from already used propagation conditions with existing 10MHz CBW.
Use TDLA30-10 for 1Tx and TDLC300-100 for 2Tx antenna configurations as a starting point for PDCCH requirements.
Additionally, PDCCH performance needs to be evaluation in HST conditions as well because the performance can degrade/be different both due to the narrower BW and high Doppler.
RAN4 to further evaluate the feasibility of defining PDCCH demodulation requirements in HST conditions.

CSI Requirements
As indicated in section 2.2.2 we expect UEs supporting <5Mhz CBW to have more enhanced implementation which will not show up in 10MHz CBW to support the increased edge effects related to the 3MHz CBW and low number of PRBs.
Performance of UE implementation which can support the increased edge effects related to the 3MHz CBW and low number of PRBs will not show up in existing requirements for 10MHz CBW.
Define CSI requirements for CBW=3MHz and SCS=15kHz PMI, CQI and RI.

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]Within this contribution we provide our view on the lessthan 5MHz WID and discuss the demodulation for lessthan 5MHz with focus on where the new 3MHz CBW and need for puncturing will impact performance and CSI requirements.
In the contribution we have the following observations and proposals:
Requirements for UE only supporting 5MHz and lower CBW
1. The frequency band n100 only support 3 and 5MHz CBW (see R4-2304575). It is expected that there will be UEs in deployment, which support only band n100, hence requirements with 5MHz and/or 3MHz CBW, SCS 15kHz is needed.

Effect of 3MHz CBW and low number of PRBs
With 3MHz CBW, the UE performance will be very susceptible to the edge effect of the implementation in particular the channel smoothening and filter implementation, hence UEs supporting <5Mhz is expected to have a different implementation compared to existing UEs.

High Speed Train (HST) requirements
UE speeds up to 500km/h should be targeted for Band n100. Such conditions and only PDSCH requirements were considered for HST FR1 deployments in Rel-16.
1. RAN4 to consider HST DPS propagation conditions for the evaluation of demodulation performance with less than 5 MHz CBW.

PDSCH performance requirements
Performance of UE implementation which can support the increased edge effects related to the 3MHz CBW and low number of PRBs will not show up in existing requirements for 10MHz CBW.
Define FDD PDSCH demodulation requirements for SCS=15kHz and 3MHz CBW.

PBCH performance requirements
New sync raster is introduced for 3 MHz CBW, hence UE can find the number of PRBs used for PBCH based on the sync raster.
For both 12 and 15 PRB, the first and last 4 PRBs of a 20PRB PBCH will be punctured, hence it is enough to define requirements for only 12 PRB as we expect similar performance for 15PRB.
Define requirements for 12 PRB PBCH with 3 MHz CBW. 
Use TDLC300-100 channel model for PBCH requirements as a starting point.
RAN4 to further evaluate the feasibility of defining PBCH demodulation requirements in HST conditions.

PDCCH performance requirements
PDCCH with AL4 can be transmitted without puncturing when coreset is configured with 12PRBs.
PDCCH with AL8 will always be punctured when coreset is configured with 15PRBs.
For <5MHz CBW, 3 symbol coreset will be seen more often in network deployment to reduce the number of punctured CCEs.
With AL8, the use of CCE to REG mapping with interleaving will introduce higher number of punctured RBs.
Our simulation results show significant differences in SNR levels when CCE puncturing occurs, hence we see it feasible to define requirements with both 2 and 3 symbols as well as with and without interleaving.
Introduce requirements for PDCCH with 15 PRB for 3MHz CBW with AL4 and AL8. Consider both 2 and 3 symbols as well as either with or without interleaving.
Use TDLA30-10 for 1Tx and TDLC300-100 for 2Tx antenna configurations as a starting point for PDCCH requirements.
RAN4 to further evaluate the feasibility of defining PDCCH demodulation requirements in HST conditions.

CSI Requirements
Performance of UE implementation which can support the increased edge effects related to the 3MHz CBW and low number of PRBs will not show up in existing requirements for 10MHz CBW.
Define CSI requirements for CBW=3MHz and SCS=15kHz PMI, CQI and RI.
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