3GPP TSG RAN WG1 #113			R1-2305619
Incheon, Korea, May 22nd – May 26th, 2023

[bookmark: Source]Agenda item:	9.13.1
Source: 	NTT DOCOMO, INC.
Title: 	Discussion on enhancements to operate NR on dedicated spectrum less than 5 MHz
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. Introduction
A revised WID on NR support for dedicated spectrum less than 5MHz for FR1 (NR_FR1_lessthan_5MHz_BW) was approved at the RAN#99 meeting [1]. The objectives of the WI are shown below:
	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, 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.



In RAN1#112 meeting, following agreements were made:
	Coordination with RAN
Agreement 
· For transmission BWs for 3MHz and 5MHz channel BW, send an LS to RAN plenary for operators input for the following and RAN plenary guidance,
· For 5MHz channel BW, whether to allow/support transmission BW(s) for physical channels of approximate 3 MHz up to below 5 MHz. What is the recommended transmission BW(s) to consider?
· For 3MHz channel BW, whether to allow/support transmission BW(s) for physical channels of approximate 3 MHz. What is the recommended transmission BW(s) to consider?
· No intention to change the WID scope and TU

R1-2302157	DRAFT LS to RAN on transmission bandwidths for NR on dedicated spectrum less than 5 MHz	Moderator (Nokia)
Decision: Draft LS in R1-2302157 is endorsed in principle. Final LS is approved in R1-2302186.

PBCH
Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission are less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed

CSI-RS
Conclusion
For transmission bandwidths of <5MHz for 3MHz channel bandwidth, for CSI-RS other than for RRM measurements, no enhancements are needed.
· FFS: CSI-RS for RRM



Since RAN1#113 is the last meeting allocated to this WI before RAN1 functional freeze, all remaining issues shall be finalized in this meeting. Towards the goal, in this contribution, we discuss the necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz.


2. Discussion
As stated in the WID, this WI aims to 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, such as around 3 MHz BW @ n100 in Europe for FRMCS, 3MHz BW @ n8/n26 in the US for smart grid, and 3MHz BW @ n28 in Europe for PPDR. According to the WID, 5MHz CBW is assumed at least for FRMCS and optional 3MHz CBW can be also assumed for all use cases. Therefore, following two cases should be considered in this WI as shown in Fig.1.
· Case 1: 3 MHz CBW, transmission BW is less than or equal to CBW
· Case 2: 5 MHz CBW, transmission BW is less than CBW considering the coexistence with GSM-R
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Figure 1.  Channel bandwidths considered in this WI

The reply LS from RAN4 [2] provides that RAN4 has agreed on a maximum transmission BW of 15 PRBs for 3 MHz CBW. 


2.1. SSB
[bookmark: _Hlk110964323]As stated in the WID, PSS/SSS specification is reused without puncturing because the PSS/SSS BW is 127 [SCS] * 15 [kHz] = 1.905 MHz < 3MHz. On the other hand, PBCH BW is 12 [SCS] * 15 [kHz] * 20 [PRB]= 3.6 MHz > 3MHz and gNB/UE cannot transmit/receive overall PBCH if the transmission BW of the channel is less than 20PRBs as shown in Fig. 2.
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Figure 2.  Issue on PBCH if transmission BW is less than 20 PRBs

It was unclear what the recommended transmission BW(s) to consider is for 3MHz and 5MHz CBW, and hence, an LS R1-2302186 to RAN plenary was sent to ask for operators input. In the reply LS [3], RAN1 got following reply:
	RAN Plenary has discussed the possible transmission bandwidth options for 3 MHz and 5 MHz channel bandwidths for the spectrum allocations on the bands of interest in this work item, and concluded the following:
· For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
· RAN1 is requested to consider whether the above also applies for other bands with 3MHz channel bandwidth, or whether the PBCH transmission bandwidth is 15 PRBs for such bands.
· For the 5MHz channel bandwidth:
· PBCH transmission bandwidth is 20 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
· Other details (including sync raster details) are to be progressed in the WGs.


However, the reply does not directly answer the question from RAN1; it is still unclear what the recommended transmission BW(s) to consider is for 3MHz and 5MHz CBW. 

PBCH should be based on current design as stated in the WID, and hence, the most straightforward method would be to puncture the PRBs outside the transmission BW. It was discussed in the last RAN1 meeting regarding PBCH transmission in the transmission BW of less than 20 PRBs and following was agreed as working assumption.
	Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission are less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed



Considering the limited time for this WI, we don’t think optimization for each CBW/band is necessary but we think a unified solution is enough, i.e., the above working assumption is applied to both 3 and 5 MHz CBWs, and punctured PBCH BW is 12 PRBs for 3MHz CBW in every target band in this WI or when transmission bandwidth[s] is less than 5MHz for 5MHz CBW. Regarding the RB-level puncturing pattern, we don’t think there is any reason for using different PRBs from PSS/SSS.

Proposal 1:
· Confirm the following working assumption
· For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission are less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed

Proposal 2:
· Punctured PBCH BW is 12 PRBs for 3MHz CBW in every target band in this WI or when transmission bandwidth[s] is less than 5MHz for 5MHz CBW 
· PSS/SSS and PBCH are transmitted/received on the same PRBs on different OFDM symbols, and PBCH outside the PRBs are punctured


2.2. PDCCH
PDCCH is mapped within CORESET and it can be configured with an arbitrary number of PRBs (with the granularity of 6 PRBs) less than or equal to the size of BWP by RRC configuration. Therefore, RRC configured CORESET can be configured within the transmission BWs <5 MHz for 3/5 MHz CBWs and we don’t see any issue to operate on the CBWs. However, CORESET#0 configuration is indicated by controlResourceSetZero (4bits) in pdcch-ConfigSIB1 in MIB using Tables 13-1 through 13-10A in TS38.213. If Table 13-1 is reused, minimum CORESET#0 BW is 12 [SCS] * 15 [kHz] * 24 [PRBs] = 4.32 MHz > 3MHz and gNB/UE cannot transmit/receive PDCCH using overall CORESET#0 within the transmission BWs <5 MHz for 3MHz and 5MHz CBWs.
It was discussed in the previous RAN1 meeting regarding the CORESET#0 configuration for transmission BWs <5 MHz for 3/5MHz CBWs and following was agreed.
	Agreement
For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, following options are for study, 
· Opt.1: Existing configuration table for 15kHz SCS, 5MHz minimum channel BW (i.e., table 13-1 in TS38.213) is reused for configuration
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration. 



If Opt.2: new CORESET#0 configuration table is adopted, 12 and/or 15 PRBs can be configured for CORESET#0 BW with either 2 or 3 OFDM symbols. Also, since CORESET#0 is confined within the transmission BW <5 MHz, additional specification impacts such as non-interleaved CCE-to-REG mapping, new interleaver, and PDCCH rate matching, discussed in the followings, would not be necessary. Therefore, we prefer Opt.2 to Opt.1.
If Opt.1: reusing table 13-1 in TS38.213 is adopted, similar to PBCH, the most straightforward method would be to puncture PRBs outside the transmission BW. However, if the PRBs outside the transmission BW are punctured, PDCCH detection performance will be degraded. It was also discussed in the previous RAN1 meeting on whether and how to recover PDCCH detection performance and following was agreed for further study.
	Agreement 
Study whether and how to recover PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· Opt.1: Power boosting 
· Opt.2: Non-interleaved CCE-to-REG mapping
· Opt.3: A new interleaver to ensure PDCCH is fully mapped in the spectrum
· Opt.4: New aggregation level(s) for fit in the spectrum
· Opt.5: PDCCH rate matching
· Opt.6: no enhancement specified 



Opt.1 can be used by gNB implementation. Therefore, this option should be the baseline for further study. Note that Opt.1 can be used for new CORESET#0 configuration table as well.
Opt.2 is useful to recover PDCCH detection performance. Since interleaved CCE-to-REG mapping is used for CORESET#0 in current specification, CORESET#0 cannot be utilized as shown in Fig.3. For example, for 2-symbol CORESET#0 configuration, up to AL2 can be used for the transmission BW of 12/15 PRBs while up to AL4 can be used if non-interleaved CCE-to-REG mapping is used. However, for 3-symbol CORESET#0 configuration, up to AL2 can be used for the transmission BW of 12 PRBs while up to AL4 can be used for the transmission BW of 12/15 PRBs if non-interleaved CCE-to-REG mapping is used.
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Figure 3.  Interleaved vs. non-interleaved CCE-to-REG mapping if transmission BW is less than 20 PRBs

Opt.3 is also useful to recover PDCCH detection performance. However, similar outcome can be achieved by Opt.2 while Opt.3 would have larger specification impact.
Opt.4 is also useful to recover PDCCH detection performance. For example, in Fig.4, for 2-symbol CORESET#0 configuration, up to AL5 can be used for the transmission BW of 15 PRBs with the concatenation of Opt.2. Similarly, for 3-symbol CORESET#0 configuration, up to AL6/7 can be used for the transmission BW of 12/15 PRBs. Note that Opt.4 can be used for new CORESET#0 configuration table as well.
Opt.5 can utilize the PRBs used for PDCCH while it is unclear how much gain can be achieved.
Considering the limited time for this WI, we don’t think optimization for each CBW/band is necessary but we think a unified new CORESET#0 configuration table, which has rows for 12 and 15 PRBs with 2 and 3 OFDM symbols, respectively, is enough.

Proposal 3:
· For CORESET#0 configuration for transmission BWs of <5MHz for 3 and 5 MHz CBWs, a new CORESET#0 configuration table is introduced for the configuration with following rows
· 12 PRBs with 2 OFDM symbols
· 12 PRBs with 3 OFDM symbols
· 15 PRBs with 2 OFDM symbols
· 15 PRBs with 3 OFDM symbols


2.3. CSI-RS/TRS
As specified in Clause 5.1.6.1.1 in TS 38.214, the number of PRBs for TRS is the minimum of 52 and , and hence, TRS can be transmitted/received within the CBW if BWP is configured to be equal to or less than the maximum transmission BW. However, for the case when the transmission BW less than 5 MHz for 5MHz CBW, it is unclear whether the UEs operating on the CBW support an arbitrary size of BWP between 3 to 5 MHz according to the discussion on the UE capability trs-AdditionalBandwidth introduced in TEI16. There was no common understanding among companies whether UE supports an arbitrary size of BWP other than nominal CBW [4], and hence, trs-AdditionalBandwidth was introduced to indicate the capability on whether to support the TRS with an arbitrary size of BW with 4 PRB granularity. Therefore, the same mechanism can be reused for UEs operating on the transmission BW less than 5 MHz. We prefer to support Option1: arbitrary size of BWP than Option 2: UE capability because it is more flexible. However, if Opt.1 is difficult to implement, we can live with Option 2.

Proposal 4:
· For TRS transmission/reception within the transmission BW less than 5 MHz for 5MHz CBW, down select from one of the following options
· Option 1: UEs operating on these bands support an arbitrary size of BWP between 3 to 5 MHz
· Option 2: Introduce a UE capability to indicate the support of the TRS with an arbitrary size with X PRB granularity between 3 to 5 MHz

At RAN1#112, following conclusion was made and it is still FFS whether/how to support CSI-RS for RRM measurement for this case.
	Conclusion
For transmission bandwidths of <5MHz for 3MHz channel bandwidth, for CSI-RS other than for RRM measurements, no enhancements are needed.
FFS: CSI-RS for RRM



In the current spec., minimum 24 PRBs are necessary for CSI-RS for RRM measurement and following options were discussed in the last RAN1 meeting.
· Opt.1: Configure a (set of) lower bandwidth(s) for CSI-RS for RRM measurements
· Opt.2: Rely on SSBs for RRM measurements

We think Opt.2 is enough considering the limited time for this WI, while we are open to consider Opt.1 if the BW can be decided in this meeting.

Proposal 5:
· For transmission bandwidths of < 24PRBs for 3 and 5 MHz CBW, no enhancements are needed for CSI-RS for RRM measurements, i.e., rely on SSBs for RRM measurements


2.4. PUCCH
It was discussed in the previous RAN1 meeting whether any enhancements are necessary for PUCCH and following conclusion was made:
	Conclusion 
No enhancements are needed for PUCCH to support transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, 
· FFS: the necessity for PUCCH FH disabling.



Therefore, remaining issue is whether PUCCH FH disabling is necessary or not.
Related to the discussion in Section 2.3, this issue depends on whether the UEs operating on these bands support an arbitrary size of BWP between 3 to 5 MHz for 5MHz CBW. Since FH is always enabled for common PUCCH configuration (other than RedCap UEs), if UEs operating on these bands support the BWP size of nominal CBW only, one hop of PUCCH may overlap with the BW for GSM-R as shown in Fig.4. To avoid this overlap, the simplest way is that UEs operating on these bands support an arbitrary size of BWP between 3 to 5 MHz, as Proposal 3. If it is difficult for UE to support, alternative solution is to disable FH for common PUCCH configuration, similar to RedCap UEs.
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Figure 4.  Common PUCCH FH overlaps with BW for GSM-R

Proposal 6:
· For PUCCH transmission within the transmission BW less than 5MHz for 5MHz CBW, down select from one of the following options
· Option 1: UEs operating on these bands support an arbitrary size of BWP between 3 to 5 MHz
· Option 2: Disable FH for common PUCCH configuration


3. Conclusion
In this contribution, we discussed the necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz. Based on the discussion, we made following proposals.

Proposal 1:
· Confirm the following working assumption
· For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission are less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed

Proposal 2:
· Punctured PBCH BW is 12 PRBs for 3MHz CBW in every target band in this WI or when transmission bandwidth[s] is less than 5MHz for 5MHz CBW 
· PSS/SSS and PBCH are transmitted/received on the same PRBs on different OFDM symbols, and PBCH outside the PRBs are punctured

Proposal 3:
· For CORESET#0 configuration for transmission BWs of <5MHz for 3 and 5 MHz CBWs, a new CORESET#0 configuration table is introduced for the configuration with following rows
· 12 PRBs with 2 OFDM symbols
· 12 PRBs with 3 OFDM symbols
· 15 PRBs with 2 OFDM symbols
· 15 PRBs with 3 OFDM symbols

Proposal 4:
· For TRS transmission/reception within the transmission BW less than 5 MHz for 5MHz CBW, down select from one of the following options
· Option 1: UEs operating on these bands support an arbitrary size of BWP between 3 to 5 MHz
· Option 2: Introduce a UE capability to indicate the support of the TRS with an arbitrary size with X PRB granularity between 3 to 5 MHz

Proposal 5:
· For transmission bandwidths of < 24PRBs for 3 and 5 MHz CBW, no enhancements are needed for CSI-RS for RRM measurements, i.e., rely on SSBs for RRM measurements

Proposal 6:
· For PUCCH transmission within the transmission BW less than 5MHz for 5MHz CBW, down select from one of the following options
· Option 1: UEs operating on these bands support an arbitrary size of BWP between 3 to 5 MHz
· Option 2: Disable FH for common PUCCH configuration
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