3GPP TSG-RAN WG4 Meeting # 106-bis-e												R4-2306297
Electronic Meeting, 17 April –26 April, 2023

Agenda item:			5.15.6
Source:	Man Hung Ng (Nokia)
Title:	Topic summary for [106-bis-e][135] NR_FR1_lessthan_5MHz_BW
Document for:	Information
Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
Email discussion for contributions submitted under agenda items 5.15.2 and 5.15.3 for NR support for dedicated spectrum less than 5MHz for FR1.
List of candidate target of email discussion for 1st round and 2nd round 
· [bookmark: _Hlk127869383]1st round: Discussion and agreement on open issues listed below.
· [bookmark: _Hlk127869396]2nd round: Continue discussion and agreement on open issues listed below.
Topic #1: System parameters
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304156
	Apple
	Proposal 1: For 3MHz Channel Size, RAN4 to study minimum modifications to PBCH to help legacy 5 MHz or greater quickly differentiate sub-5 MHz channel SSBs vs legacy 5 MHz or greater channels.
Observation 1: Sync raster points of the 5 MHz synchronization raster may be a subset of the raster points of the sub-5 MHz new synchronization raster.
Observation 2: With punctured PBCH design currently being considered in RAN1, it is possible that the legacy UE may still be able to decode the new sub-5MHz PBCH to only later realize that it cannot access the channel, wasting time and power, thus affecting initial access KPIs.
Observation 3: Small modifications to PBCH in SSB can help in differentiate the cell search outcome for sub-5MHz vs the outcome for legacy >5MHz channels.
Observation 4: Energy detection comparison between sub-5MHz and legacy 5MHz or more can be used to early detect the nature of the SSB. Further study is needed to determine how effective can it be.
Observation 5: If PBCH-DRMS are changed in sub-5MHz channels with respect to 5 MHz or greater channels, a legacy UE will not detect DMRS in a sub-5MHz channel, will not attempt PBCH demodulation, will not converge to this SSB candidate and the time to decode MIB will remain basically the same.
Observation 7: Remapping PBCH-DRMS into PBCH in sub-5MHz channels vs in 5 MHz or greater channels, a legacy UE will not detect DMRS in a sub-5MHz channel, will not attempt PBCH demodulation, will not converge to this SSB candidate and the time to decode MIB will remain basically the same.

	R4-2304269
	Intel Corporation
	Proposal 1: RAN4 should not expect a specific pattern of PRBs beyond the 12PRB SSB minimum to be punctured. 
Proposal 2: For a minimum number of SSB scan points while enabling the largest SSB size, the GSCN formula of 600N + 50M + 300 or 600N + 50M + 150 for M=1,3,5 are proposed.
Proposal 3: The offset between any new sync raster formula and the existing sync raster should ensure sufficient spacing such that legacy UEs never detect the new sync raster as part of their frequency offset removal capability.
Proposal 4: The offset of 300kHz is proposed for the 600N + 50M + 300 sync raster formula.
Proposal 5: An additional row should be added to the GSCN table 5.4.3.1-1 to support the new 600N + 50M + 300kHz sync raster as shown in Table 3.
	Frequency range
	SS Block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5} (Note 1)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250 MHz
	3000 MHz + N * 1.44 MHz
N = 0:14756
	7499 + N
	7499 – 22255

	24250 – 100000 MHz
	24250.08 MHz + N *
17.28 MHz,
N = 0:4383
	22256 + N
	22256 – 26639

	0 – 3000 MHz 2
	N * 600kHz + M * 50 kHz + 300kHz,
N=1:2499, M ϵ {1,3,5} (Note 1)
	3N + (M-3)/2 + 26638
	26640 – 41633

	NOTE 1:	The default value for operating bands with which only support SCS spaced channel raster(s) is M=3.
NOTE 2:   This GSCN range is applicable to frequency bands employing 3MHz channel BW and the associated finer sync raster



Observation 1: Due to the frequency differences between the sync raster and the channel raster, if no puncturing is used, the SSB must be several PRB smaller than the UE channel BW.
Observation 2: Due to the frequency differences between the sync raster and the channel raster, when puncturing is used, the size of the received SSB will be at least one complete PRB smaller than the UE channel BW for most cases.
Observation 3: During initial access, whether the UE uses a 3MHz or 5MHz channel BW filter while scanning for SSB on the new GSCN and whether the SSB is centred within the UE channel BW filter is currently unspecified UE behaviour.
Observation 4: Due to the frequency differences between the sync raster and the channel raster, when puncturing is used, which PRBs to the left or right of the PSS/SSS will change according to this frequency difference.
Observation 5: Since the original discussion on sync raster in RAN4 #84, a key goal has been that the sync raster should be defined for a minimum number of entries per band.
Observation 6: In order to avoid change to the PSS and SSS within the SSB, it is best for RAN4 to define a new sync raster that covers a size as small as 12PRB for all combinations of offset between sync raster and channel raster.
Observation 7: The new sync raster formula 600N+50M+300, and 600N+50M+150 allow the largest number of SSB PRB while minimizing the increase in the number of synch search points.

	R4-2304571
	Ericsson
	Proposal 1: If RAN1 confirms the punctured SSB size for 3 MHz channel bandwidth shall be equal to the transmission bandwidth configuration (i.e. 15 RBs), the synchronization raster step size shall be equal to 100 kHz.
Proposal 2: Consider the 12 RBs PBCH in 3 MHz channel bandwidth consideration to band n100 only.
Proposal3: Specify a synchronization raster entry at frequency 920.73 MHz for 12 RBs punctured SSB in 3 MHz channel bandwidth signal. 
Proposal4: Specify a new synchronization raster entry at 921.45 MHz for n100 to optimize FRMCS migration.
Observation1: Pending on RAN1 agreement, the new synchronization raster for 3 MHz channel bandwidth could still be mapped to resource element k =120 of the legacy SSB (and punctured SSB), pointing to the centre of PSS/SSS.
Observation2: Assuming the synchronization raster will be mapped to the centre of PSS/SSS and an RB punctured SSB, there will be a fixed offset (90 or 270 kHz, pending on RAN1 agreement) between the synchronization raster and the channel raster.
Observation3: Assuming an RB based punctured SSB, the new synchronization raster will not overlap with the legacy synchronization raster. Legacy UE should not try to synchronize on the new synchronization raster entries.
Observation4: During the migration phase, FRMCS will be operated at the lower edge of n100 while GSM-R will be at the upper edge.

	R4-2304875
	Nokia, Nokia Shanghai Bell
	Observation 1: Sync raster option 4 and 5 is not alinged with RAN recommendation.
Observation 2: Sync raster option 5 cannot support all the 100 kHz channel raster assuming PBCH transmission bandwidth of 12 PRBs.
Proposal 1: It is proposed to consider the sync raster options 1, 2 and 3 only.
Proposal 2: Reuse current synch raster design for 5MHz for bands except n100.
Proposal 3: It is proposed to add a new sync raster for 5 MHz channel bandwidth at n100 lower band edge to support smooth migration from narrow band to wideband operation.

	R4-2305100
	vivo
	Observation 1: Deploy the <5MHz feature in the band where the legacy UE exist will risk impairing its performance, e.g., increase the cell search delay and power consumption. 
Observation 2: Frequency error of UE (e.g., 10ppm) need to be considered in new sync raster 
Proposal 1: Define a set of new sync raster for 3MHz that is completely different from legacy UE. 
Proposal 2: The new sync raster of 3MHz can be: 240 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5}
Proposal 3: For 5MHz, current sync raster can be reused.

	R4-2305354
	ZTE Corporation
	Proposal 1: For channel spacing, it is proposed to reuse existing channel spacing formula for 3MHz channel bandwidth and CA is not took into account in the WI. 
Proposal 2: To define 100 kHz sync raster for less than 5 MHz channel bandwidth.
Proposal 3: It is feasible to define an additional sync raster point for 5 MHz channel bandwidth for n100.
Proposal 4: If SSB don’t be broadcast in 3 MHz CBW, it will be no necessity to design a new sync raster. At that case, we can skip the discussion on new sync raster design and discuss it in subsequent R19.

	R4-2305504
	Qualcomm Inc.
	Observation 1: Legacy sync raster is too sparse to allow using all channel raster points with narrower than 25 PRB maximum transmission bandwidth configuration.
Observation 2: Having both floating raster and 100 kHz fixed raster available for 3 MHz ChBW in n100 enables power saving possibilities without increasing the total number of raster points compared to only specifying 100 kHz raster.
Observation 3: New GSCN-values need to be defined with clear distinction to legacy raster
Observation 4: Using ARFCN values also to indicate GSCN is compatible with RAN2 design and provides a disjoint value range compared to existing GSCN.
Observation 5: SSB puncturing shall not be used for 5 MHz channel bandwidth according to RAN decision.
Observation 6: kSSB will be always equal to zero also for 5 MHz supporting narrowband allocation.
Proposal 1: In n100, specify 100 kHz sync raster for 12 RB transmission bandwidth so that 12 RB is always placed at the low edge of 3 MHz RF channel.
Proposal 2: Detailed raster designs for n100 with 3 MHz ChBW are as shown in Table 1.
Table 1: Sync raster design for n100 with 3 MHz ChBW
	12 RB transmission bandwidth
	SSREF = N*100 kHz + 30 kHz, N = 9206:1:9232


	15 RB transmission bandwidth
	SSREF = N * 600kHz + M * 50 kHz + 280 kHz,
N=1534:1538, M ϵ {1,3,5}




Proposal 3: Only sync raster design for 15 RB transmission bandwidth is specified for bands other than n100. The n100 design with different values for N can be used.
Proposal 4: Define unique GSCN-values for dedicated spectrum less than 5 MHz using ARFCN-values.
Proposal 5: Narrow bandwidth operation with 5 MHz channel bandwidth is limited to n100, where narrow bandwidth is aimed to be used at lower edge of the band.
Proposal 6: Choose between three options for narrowband operation with 5 MHz RF channel bandwidth in n100:
· Option 1: Use GSCN 2303 where channel centered at 922.1 MHz results in SSB aligning with lowest 20 RB of the 5 MHz channel.
· Option 2: Specify one new sync raster point 200 kHz below GSCN 2303, allowing use of 5 MHz channel centered at 921.9 MHz.
· Option 3: Specify 4 new raster points to enable 5 MHz ChBW with 20 PRB Tx BW in the low edge of any channel position within n100
Proposal 7: Agree LS to RAN1 as provided in the appendix.

	R4-2305664
	Huawei, HiSilicon
	Observation1: Set the synchronization raster to SS block resource element mapping as 72 RE and 90 RE, in case of SSB size equals to 12 PRBs and 15 PRBs, respectively. 
Proposal 1: For 12 PRB SS blocks, add 300 KHz of offset to the option 4 to avoid collision of this sync raster and the legacy sync raster every two steps.
 		300 KHz+ N * 600 kHz + M * 50 kHz, N ϵ {1:4998}, M ϵ {1,3,5}
Proposal 2: for 15 PRB SS block, a SS raster of 100 KHz can be considered. If the number of operation bands of these UEs are to be increased in the future, the initial SSB search time will be increased quickly. So this SS raster is not future proof.

	R4-2305699
	MediaTek Inc.
	Observation 1: Legacy sync raster in a band with 100kHz channel raster is not overlapped with any channel raster entry for the band.
Observation 2: For 3MHz channel bandwidth operation, the new sync raster Option 4 (“N * 600 kHz + M * 50 kHz, N ϵ {1:4998}, M ϵ {1,3,5}”) and Option 5 (“N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5,7,9,11}”) may cause energy waste for legacy UEs, and Option 1 (“Option 1: 100 kHz synch raster, same as channel raster”) may also introduce unnecessary energy waste for new UEs supporting 3MHz channel bandwidth.
Observation 3: For 3MHz channel bandwidth operation, the minimum sync raster should be at least 440kHz.
Proposal 1: For 3MHz channel bandwidth operation, new sync raster should be designed which is different from legacy sync raster in order to avoid energy waste for legacy UEs.
Proposal 2: For 3MHz channel bandwidth operation, RAN4 to take one option out from Option 2 and Option 3 as the new sync raster.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1
Sub-topic description:
Open issues and candidate options before meeting:
Issue 1-1: PBCH design
· Proposals
· Proposal 1: For 3MHz Channel Size, RAN4 to study minimum modifications to PBCH to help legacy 5 MHz or greater quickly differentiate sub-5 MHz channel SSBs vs legacy 5 MHz or greater channels 1. (Apple)
· Proposal 2: Consider the 12 RBs PBCH in 3 MHz channel bandwidth consideration to band n100 only. (Ericsson)
· Recommended WF
· No discussion in RAN4, PBCH design should be discussed in RAN1 according to WIDS.

Sub-topic 1-2
Sub-topic description 
Open issues and candidate options before meeting:
Issue 1-2: Finer synchronization raster for 3 MHz channel bandwidth
· Proposals
· Option 1: A kHz + N * 600 kHz + M * 50 kHz, M ϵ {1,3,5} (Apple)
· Option 2: N * 600kHz + M * 50 kHz + 300kHz, N ϵ {1:2499}, M ϵ {1,3,5} (Intel)
· Option 3: 100 kHz synch raster (Ericsson, Nokia, ZTE)
· Option 4: 600 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5} plus 120 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5} (Nokia, MediaTek)
· Option 5: 120 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5} (Nokia, MediaTek)
· Option 6: 240 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5} (vivo)
· Option 7: N*100 kHz + 30 kHz, N = 9206:1:9232 for 12 RB transmission bandwidth, only for n100; N * 600kHz + M * 50 kHz + 280 kHz, N=1534:1538, M ϵ {1,3,5} for 15 RB transmission bandwidth, all bands within the WID including n100, value of N shown for n100 (Qualcomm)
· Option 8: 300 kHz+ N * 600 kHz + M * 50 kHz, N ϵ {1:4998}, M ϵ {1,3,5} for 12 RB SSB; 100 kHz synch raster for 15 RB SSB (Huawei)
· Option 9: If SSB don’t be broadcast in 3 MHz CBW, it will be no necessity to design a new sync raster. At that case, we can skip the discussion on new sync raster design and discuss it in subsequent R19. (ZTE)
· Recommended WF
· TBA

Sub-topic 1-3
Sub-topic description 
Open issues and candidate options before meeting:
Issue 1-3: Additional synchronization raster for n100
· Proposals
· Proposal 1: Specify a synchronization raster entry at frequency 920.73 MHz for n100 for 12 RBs punctured SSB in 3 MHz channel bandwidth signal. (Ericsson)
· Proposal 2: Specify a new synchronization raster entry at 921.45 MHz for n100 for 20 RBs SSB in 5 MHz channel bandwidth signal to optimize FRMCS migration. (Ericsson)
· Proposal 3: Add a new sync raster for 5 MHz channel bandwidth at n100 lower band edge to support smooth migration from narrow band to wideband operation. (Nokia)
· Proposal 4: It is feasible to define an additional sync raster point for 5 MHz channel bandwidth for n100. (ZTE)
· Proposal 5: Choose between three options for narrowband operation with 5 MHz RF channel bandwidth in n100: (Qualcomm)
· Option 1: Use GSCN 2303 where channel centered at 922.1 MHz results in SSB aligning with lowest 20 RB of the 5 MHz channel.
· Option 2: Specify one new sync raster point 200 kHz below GSCN 2303, allowing use of 5 MHz channel centered at 921.9 MHz.
· Option 3: Specify 4 new raster points to enable 5 MHz ChBW with 20 PRB Tx BW in the low edge of any channel position within n100
· Recommended WF
· TBA

Sub-topic 1-4
Sub-topic description 
Open issues and candidate options before meeting:
Issue 1-4: LS to RAN1
· Proposals
· Proposal 1: Agree LS to RAN1 as provided in the appendix of R4-2305504. (Qualcomm)
· Recommended WF
· TBA

Companies views’ collection for 1st round 
Open issues 
One of the two formats, i.e. either example 1 or 2 can be used by moderators.
	Company
	Comments

	Ericsson
	Sub topic 1-1: 
Sub topic 1-2: First, to select one of the options, we need to have a common understanding on the size of the punctured SSB for 3 MHz channel BW and for the bands listed in the WI. 
Our current understanding is the following:
- Bands n26, n28, n85 and n106: the punctured SSB will be 15 RBs, this to minimize the coverage loss impact due to the punctured SSB vs legacy SSB).
- Band n100: 2 cases should be supported, one with a punctured SSB of 15 RBs and one with a punctured SSB of 12 RBs (RAN agreement) to handle the transition phase from GSM-R to FRMCS. 
Based on this understanding, we think the only possible option is then option 3 for all bands (15 RBs punctured SSB), this to enable the most flexible deployment. 
Then case with the 12 RBs punctured SSB in band n100 could be handled as a special case with a sync raster solution specific to band n100.
Regarding the offset discussion, it also depends on which resource element of the punctured SSB is mapped to sync raster (15 RBs punctured SSB). Nevertheless, it would be good to align on what should be the minimum offset between the legacy and the new sync raster for a “legacy” UE to not connect on the new sync raster. 

Sub topic 1-3: 
We support proposals 1 and 2. We also agree with proposal 3, introducing a new sync raster for 20RBs. Proposals 2 and proposal 5-option 2 should be similar, targeting the same goal. We don’t think we need proposal 5 – option 3, 1 new raster should be enough, to be confirmed by railway operators,
Sub topic 1-4: Any LS to RAN1could only be sent after RAN4 agreed on the sync raster for 3 MHz channel BW.
….
Others:

	MediaTek
	Issue 1-1: PBCH design
Agree with the recommended WF by Moderator.
Issue 1-2: Finer synchronization raster for 3 MHz channel bandwidth
Of all options listed, Option 2/5/6/8(12 PRB) is corresponding to different A values in Option 1. In our views, the primary consideration is to avoid the legacy sync raster points, and also the number of searching entries should be minimized. Though Option 5/6 could be down-selected as our preference, however, given so many options proposed, one possible way out is to agree on Option 1 as the first step, and FFS for A values in the next step.
 Issue 1-3: Additional synchronization raster for n100
Proposals seem mixed in this issue, e.g., some proposal for 3MHz channel bandwidth, and other proposals for 5MHz channel bandwidth. 
For Proposal 1, 920.73MHz seems too close to GSCN 2303 (920.65MHz) with a distance of only 80kHz. 
For Proposal 2/3/4, it is for 5MHz channel bandwidth and a 20 RBs SSB without puncturing, and related to optimization, e.g., FRMCS migration. Not sure if this is in the WID.
For Proposal 5, clarification might be needed since it seems related to allocating a 3MHz UE channel bandwidth (“narrow band operation” in a 5MHz RF channel bandwidth in n100.
Issue 1-4: LS to RAN1
LS to RAN1 can be sent if RAN4 reaches a consensus.




	Qualcomm
	Issue 1-1: PBCH design
Ok with recommended WF
Issue 1-2: Finer synchronization raster for 3 MHz channel bandwidth
Our preference is option 7.
For n100 RAN decided PBCH bandwidth is 12 RB. The reason for the agreement is in enabling 12 RB transmission bandwidth within 3 MHz channel bandwidth, which enables more spectrum for GSM-R carriers as desired by the spectrum owner. With 12RB transmission bandwidth the channel raster and sync raster will need to be in lockstep and 100 kHz raster is needed. The 30 kHz offset in option 7 is the result of channel to sync raster offset when 12 RB is placed at low edge of 3 MHz RF channel bandwidth.
When transmission bandwidth is 15 RB, SSB can be in different positions within RF channel bandwidth and sparser channel raster can be used. We have chosen 280 kHz offset in the formula to optimize the design to that 100 kHz raster points will overlap with the sparser raster, in addition to avoiding overlap with legacy raster. This means that there are no additional raster points on top of 100 kHz raster points in n100, and the sparse raster points can take priority in the search process. 
The same sparser raster design can be used for all other operating bands to avoid multiple designs, but other operating bands do not need 100 kHz raster.
For other options, those which do not include 100 kHz raster do not address the 12 RB Tx BW use case in n100. 
For the raster options using 300 kHz offset, it is a working solution if 12 RB Tx BW is ignored. 
Issue 1-3: Additional synchronization raster for n100
It seems proposal 2, 3 and option 2 in proposal 5 are aligned. We are ok with this approach to support 20 PRB transmission BW inside 5 MHz RF channel in low edge of n100.
Issue 1-4: LS to RAN1
We are proponent of the proposal and see it very beneficial for discussions in RAN1 to let them know about progress and observations done in RAN4.

	ZTE
	Issue 1-1: PBCH design
Agree with recommended WF.
Issue 1-2: Finer synchronization raster for 3 MHz channel bandwidth
Option 3. Since 12 RB is defined for PBCH bandwidth for band n100, 100 kHz sync raster design can guarantee more optional sync raster point to meet the demand of operators e.g. utilize the lower edge of the band.
Issue 1-3: Additional synchronization raster for n100
As the proponent of proposal 4, our proposal is similar as proposal 5-option 2.
Issue 1-4: LS to RAN1
LS to RAN1 is needed after RAN4 reaches an agreement on new sync raster design.

	Nokia
	Sub topic 1-2: We support option 3, 4, and 5; option 3 is flexible in deployment and option 4/5 are optimized in cell search (i.e., the number of sync is minimized). Trade-off between the flexibility and the complexity should be further discussed.
Can ZTE elaborate on Proposal 9 why SSB is not broadcasted in 3 MHz? Otherwise, Option 9 should not be pursued.
UE vendor’s input on how likely legacy UEs find new PSS/SSS such that we can analyze the required minimum sync raster separation and the necessity of early indication to give up PBCH demodulation.
Reply to Ericsson: For the 3MHz channel bandwidth in band n100, RAN LS in RP-230780 clearly stated ‘PBCH transmission bandwidth is 12 PRBs’, thus there is no need to consider 15 PRBs SSB for this case.
Reply to Qualcomm: We agree that the reason for 12-RB PBCH bandwidth on n100 is to allow for 12-RB Tx BW. However, we do not see need to support 12-RB Tx BW throughout n100 at any channel raster point. From the migration perspective it is sufficient to support 12-RB Tx BW on few channel raster points at the edge(s) of the n100. Correspondingly, we do not see that having channel raster and synch raster in lockstep should be a decisive aspect in the design of sync raster point. Instead, also other options, augmented with suitable additional synch raster point, can support 12-RB Tx BW with 12-RB PBCH placed at low edge of n100.
Sub topic 1-3: We support Proposal 3, thus, we can also support Proposal 2, Proposal 4 and Proposal 5 Option 2. Proposal 1 is acceptable, too, to have an additional sync raster on the lower edge of n100.
Sub topic 1-4: LS should be sent after the above two issues are finalized.

	Huawei
	Issue 1-1: PBCH design
The Apple’s approach on modifying the PBCH is indeed interesting, however for a better analysis it should be dealt with in RAN1.  Agree with the WF.
Issue 1-2: Finer synchronization raster for 3 MHz channel bandwidth
Based on our understanding a PBCH of 12 RBs is suitable for n100 band to allow more BW for GSM-R carriers. On the other hand as in bands n26, n28, n85 and n106 we do not have the specific use case of n100, unless operators states otherwise, we can consider 15RB to avoid more coverage degradation. 
To have better understanding of the synchronization rasters we plotted different sync raster options for n100 (please zoom in as the space for the plot is limited). All the sync rasters allow transmission at the lower part of the n100 channel. An important factor is the distinctions of legacy sync raster and the new sync raster. Looking at around the Rel15 sync raster set 920.55, 920.65, 920.75 (  GSCN 2301, 2302, 2303). Option 7 is placed at 20 KHz offset from the legacy UE which can induce a confusion if the frequency error of the LO is considered around +/-20ppm. Option 2, 5, 6 and 8 are all variants of Option1 with A set to different offset values. Option 2 and Option 8 are similar but their overall frequency range is different. In Option 8 our idea was to have 50 KHz offset with the Rel15 sync raster to make sure that the legacy UEs will not scan on these new sync rasters, due to LO frequency error.  [image: C:\Users\m00573734\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Sync raster options within n100.png]
On a 15 RB SSB,  Option 2, 5, 6, 7 and 8 are all variants of Option1 and we can discuss more to find the best value A
Issue 1-3: Additional synchronization raster for n100
For 3MHz we could consider proposal 1. FYI with sync raster option 8, a raster point is already available at 920.75 MHz.
For 5 MHz, Proposal 2 and Proposal 5 option2 are both agreeable.

Issue 1-3: Additional synchronization raster for n100
It is better wait for the 3MHz Sync raster.

	Intel
	Issue 1-1: agree with the moderator WF
Issue 1-2: we support the Options 1/2/4/5/6/8 as a first level of down selection.  We can further discuss the value of offset in the next round.  We do not support option 3,7 due to a larger than necessary number of sync search points.
Issue 1-3: We prefer to wait to pick a specific n100 solution until a general solution to Issue 1-2 is found
Issue 1-4: LS can be sent after RAN4 reaches consensus on Issue 1-2

	vivo
	Issue 1-1: PBCH design
OK with recommended WF, depend on RAN1 decision.
Issue 1-2: Finer synchronization raster for 3 MHz channel bandwidth
Option 1 can be a general baseline and we can further discuss the value of A. option 3 and option 7 is not preferred because we don’t think such fine sync raster is necessary. The problem for option 5 is that the minimum spacing between this option and legacy raster is only 40 kHz, which is too close if we take frequency error into consideration (e.g.,10ppm), this is also the reason why we propose option 6.
Issue 1-3: Additional synchronization raster for n100
Proposal 2, 3 and option 2 in proposal 5 are similar, either one is OK.
Issue 1-4: LS to RAN1
Suggest waiting for the conclusion of 3MHz sync raster

	Apple
	Issue 1-1: PBCH design
We appreciate the comments coming from Huawei. We agree that this could be better analysed involving RAN1 colleagues, so we will work in this regard, especially since RAN1 seems not being actively discussing this WI during RAN1#112bis-e.
As per Ericsson, we need to consider what should be the minimum offset between the legacy and the new sync raster for a “legacy” UE to not connect on the new sync raster. Something we want to highlight from our proposal is that it relies on existing frequency ambiguity assumptions. i.e. 100kHz as the minimum spacing, and no changes to performance of existing cell search algorithms is expected. This is particularly beneficial to UE vendors since HW/RF/Algo design would not need further updates to support this feature.

Issue 1-2: Finer synchronization raster for 3 MHz channel bandwidth
As mentioned by Nokia, it is important to determine how likely is that legacy UEs find new PSS/SSS such that we can analyze the required minimum sync raster separation and the necessity of early indication to give up PBCH demodulation. It is worth noting that cell search algorithms may not be necessarily sequential in terms of PSS/SSS/PBCH-DMRS detection/PBCH demodulation. Hence, early indications of sub-5MHz vs legacy channels can be quite beneficial to minimize any initial access KPI impact, and in terms of possibilities for algorithm optimization. For example, as noticed by Huawei and vivo, variants of Option1 with A set to different offset values may require standardization effort to find the best value A. By providing early indications to the UE by means of minimum RAN1 spec changes may help minimizing the effort of agreeing in a specific “best A value”.
Reply to Qualcomm: We would appreciate you could elaborate on the underlying assumptions behind raster points taking priority in the cell search process. We are unsure it is in our best interests to make too many assumptions with respect to algorithm design.

Issue 1-3: Additional synchronization raster for n100
Here we agree with Intel colleagues: we prefer to wait until a general solution to Issue 1-2 is agreed before picking a specific n100 solution.
We also align with Mediatek in their comments regarding 1) frequency separation, and 2) the scope of the WID.

Issue 1-4: LS to RAN1
Suggest waiting for the conclusion of 3MHz sync raster. In addition, we would like to request to RAN1 to consider minimum SSB modifications to help UEs to easily discriminate between the two sync rasters, since we see value in terms of easing UE implementation.



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1-1
	Tentative agreements:
Seven companies agreed with recommended WF that PBCH design should be discussed in RAN1 instead of RAN4, no company raise concern, this should be agreeable.
Candidate options:
Recommendations for 2nd round:
No need for 2nd round.

	Sub-topic #1-2
	Tentative agreements:
Candidate options:
Nine companies commented on different options, which can be categorized into two main options:
Option 1: N * 600kHz + M * 50 kHz + A kHz, N ϵ {1:2499}, M ϵ {1,3,5}, A = TBD.
Option 2: N * 100 kHz + B kHz, N ϵ {9206:1:9232}, B = TBD.
Recommendations for 2nd round:
To discuss whether RAN4 should select one option or have both options for different SSB transmission bandwidths in different bands.
To further discuss the metrics to be used to select which option and offset (A, B) in each option, e.g.,
- Minimize number of sync-raster points to cover all possible channel raster points.
- Maximize distance between legacy sync-raster points and new sync-raster points.
- Better facilitate the additional sync-raster points for 12, 15 and 20 PRBs PBCH transmission bandwidth.
- Better aligned with PBCH design in RAN1, e.g., sync-raster sub-carrier position within SSB, PRB level PBCH puncturing.
Companies should provide evaluation of their proposals based on the agreed metrics to conclude on this topic.

	Sub-topic #1-3
	Tentative agreements:
Seven companies agreed to define additional sync-raster points for 12 and 20 PRBs PBCH transmission bandwidth, no company raise concern, this should be agreeable.
Candidate options:
Two companies suggested first deciding on sub-topic #1-2 before deciding on this topic.
Recommendations for 2nd round:
To discuss whether RAN4 first deciding on sub-topic #1-2 before deciding on this topic, or the two topics can be discussed and decided concurrently.

	Sub-topic #1-4
	Tentative agreements:
Seven companies suggested LS to RAN1 should only be sent after RAN4 decision on sub-topic #1-2, this should be agreeable.
Candidate options:
Recommendations for 2nd round:
To discuss whether LS to RAN1 can be sent in this meeting.



Discussion on 2nd round (if applicable)
Sub-topic #1-1:
Issue 1-1: Whether RAN4 should select one option or have both options for different SSB transmission bandwidths in different bands.
Issue 1-2: the metrics to be used to select which option and offset (A, B) in each option, e.g.,
- Minimize number of sync-raster points to cover all possible channel raster points.
- Maximize distance between legacy sync-raster points and new sync-raster points.
- Better facilitate the additional sync-raster points for 12 and 20 PRBs PBCH transmission bandwidth.
- Better aligned with PBCH design in RAN1, e.g., sync-raster sub-carrier position within SSB, PRB level PBCH puncturing.
Companies should provide evaluation of their proposals based on the agreed metrics to conclude on this topic.
Issue 1-3: Whether RAN4 first deciding on sub-topic #1-2 before deciding on this topic, or the two topics can be discussed and decided concurrently.
Issue 1-4: Whether LS to RAN1 can be sent in this meeting
	Company
	Comments

	Qualcomm
	Issue 1-1: SSB transmission bandwidth is in the end RAN1 decision, but RAN4 can send information to RAN1 on how the choice will impact RAN4 and UE operation. Our preference is to use 12 RB PBCH in all bands to reduce the number of different designs.
Issue 1-2: These are all important aspects to consider. Firstly, we see no need for 100 kHz raster on any other band than n100, as only n100 will support 12 RB transmission bandwidth. The design for n100 would benefit from information from the railroad community whether 12 RB transmission bandwidth is sufficient to be enable only in the low edge of the band. Original option 7 is geared to minimize the raster points with the assumption that 12 RB could be supported more widely within the band. Another benefit of original option 7 is that 12 RB positions at the low edge of the band are possible to enable using the sparser raster of option 7 and no additional raster point is needed. Therefore, the sparser raster in option 7 seems to be best way forward.
Similarly, if 100 kHz raster is not needed, the offset selection in option 8 results in minimum 80 kHz offset to rel-15 raster, which is safe considering UE frequency error. Independent of frequency offset we see it necessary to have early indication available in any case to help resolve cases where UE tries to access a cell which is does not support. 
Design on other bands should be based on assumption of 12 RB PBCH BW which helps to minimize the number of raster points as well as maximize the offset rel-15 raster. Furthermore, it minimizes the number of different PBCH designs. It would be beneficial to get agreement on what needs to be supported in n100 to see if it is possible to harmonize the designs between operating bands and minimize number of different schemes needed to be supported.
Issue 1-3: Unclear which two topics are being referred in this issue, we have answered assuming this is referring to original sub-topic 1-2 and 1-3. There is some dependency in sub-topic 1-2 and 1-3. For example, the sparser raster in option 7 in sub-topic 1-2 would enable alignment with low band edge for 12 RB transmission bandwidth without specifying any new sync raster points. As such, it may not be even necessary to have additional raster points.
Issue 1-4: Even if there would be no agreement on final sync raster, it would be useful to send LS to RAN1 with the observation that due to close proximity of raster points early indication is beneficial.


	Ericsson
	Issue 1-1: Having 12 and/or 15 RBs punctured SSB will be RAN1 decision based on achievable performance. Our current understanding is that 15 RBs punctured is the preferred option for all bands to minimize coverage loss comparing to 12 RBs. If confirmed by RAN1, 15 and 12 RBs punctured SSB should then only be considered for band n100.
Issue 1-2: The metrics are good to compare the different proposals but, again, RAN1 decision on the punctured SSB size (12 or 15 RBs) will be the main criteria to decide on 100 kHz vs 600 kHz sync raster step size.
Issue 1-3: 12 and 20 RBs SSBs in band n100 could already be discussed now, not waiting for the sync raster decision. Both cases correspond to n100 specific deployment to enable smooth transition from GSM-R to FRMCS. We should not delay this discussion.
Issue 1-4: RAN4 can not send any LS to RAN1 mentioning any information related to the sync raster as long as there is no agreement in RAN4. RAN4 could request additional information if needed, but not the sync raster design for now.

	MediaTek
	Issue 1-1: Our main concern is there is only one option for one band. And the option can be band specific.
Issue 1-2: These metrics are helpful to design new sync raster. However, one more rule should be explicit: no overlapping between legacy and new sync raster.
Issue 1-3: As stated, our main concern is that there should be only one option for puncturing SSB for one band, in order to avoid multiple hypothesis detection. We can discuss this after resolving Issue 1-2.
Issue 1-4: We can wait for more RAN4 agreements before sending LS to RAN1.

	Nokia
	Issue 1-1: RAN tasked RAN1 to decide.
Issue 1-2: To Ericsson, RAN1 decision is for bands other than n100. To Qualcomm: Early indication it up to RAN1 regardless of RAN4 decisions. To MediaTek, we think it is covered in the 2nd bullet.
Issue 1-3: If issue 1-2 cannot support a smooth transition from GSM-R, additional sync raster needs to be added in our view. 1-3 is dependent on 1-2, but we can agree what is the prerequisite as proposed in our WF. To MediaTek, we think multiple hypothesis for PBCH demodulation is up to RAN1 to decide. Issue 1-3 is about adding raster appropriated for GSM-R migration.
Issue 1-4: Although we do not see a strong need, we can send LS to include the agreed WF if it contains useful information for RAN1 to take into consideration,

	Huawei
	Issue 1-1: It should be up to RAN1 to decide.
Issue 1-2: We agree with the proposal. However for the next meeting other logical criteria (in case of a tie with these criteria) should not be precluded
Issue 1-3: It is better to wait for the general sync raster formula. I  the outcome could solve this issue automatically.
Issue 1-4: it is better to wait till having more information to communicate to RAN1

	Apple
	Issue 1-1: If officially is RAN1 up to decide, we should be able to give them input on the interplay between RAN1 and RAN4 decisions.
Issue 1-2: We agree in principle with the proposal. However, we should discuss this online and likely during the next meeting.
Issue 1-3: Let’s bring this to RAN1 as well. We agree with having a single puncturing patterns to avoid multiple hyphoteses and extra search complexity.
Issue 1-4: Here we agree with Qualcomm. We can send an LS to RAN1 to explain our views so they can make more informed decisions. We should also make the case that due to close proximity or even overalap of raster points, and early indication for PBCH-DMRS detection would be very beneficial.



Summary for 2nd round 
Open issues 
	
	Status summary 

	Issue 1-1
	Five companies commented this is RAN1 decision, this should be included in the WF.

	Issue 1-2
	Six companies commented the proposed list of metrics is fine, this should be included in the WF.

	Issue 1-3
	Two companies commented issue 1-2 should be solved first, while two companies commented this issue does not need to wait for issue 1-2,

	Issue 1-4
	Two companies commented LS to RAN1 should be sent in this meeting, while two companies commented LS to RAN1 should wait till RAN4 has more information to provide,


Topic #2: UE RF requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304042
	Nokia
	Proposal 1: Draft CR to TS 38.101-1
Observation 1:

	R4-2304095
	Nokia, Nokia Shanghai Bell
	Proposal 1: If NS_12 is signaled apply the A-MPR from tables 1 and 2.
Table 1: A-MPR regions for NS_12
	Channel BW
	Carrier Frequency, Fc, MHz
	RBStart*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR 

	3MHz
	815.5 ≤ Fc < 817.5
	≤0.9
	>0
	A2



Table 2: A-MPR for NS_12
	Modulation/Waveform
	A2

	
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	≤ 4

	DFT-s-OFDM QPSK
	≤ 5

	DFT-s-OFDM 16 QAM
	≤ 4.5

	DFT-s-OFDM 64 QAM
	≤ 5.5

	DFT-s-OFDM 256 QAM
	≤ 5

	CP-OFDM QPSK
	≤ 6

	CP-OFDM 16 QAM
	≤ 6

	CP-OFDM 64 QAM
	≤ 6

	CP-OFDM 256 QAM
	



Proposal 2: If NS_13 is signaled apply the A-MPR from tables 3 and 4.
Table 3: A-MPR regions for NS_13
	Channel BW
	Carrier Frequency, Fc, MHz
	RBStart*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR

	3MHz
	818.5 ≤ Fc < 820
	≤0.54
	>0
	A4



Table 4: A-MPR for NS_13
	Modulation/Waveform
	A4

	
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	≤ 3

	DFT-s-OFDM QPSK
	≤ 4

	DFT-s-OFDM 16 QAM
	≤ 3.5

	DFT-s-OFDM 64 QAM
	≤ 4

	DFT-s-OFDM 256 QAM
	

	CP-OFDM QPSK
	≤ 5.5

	CP-OFDM 16 QAM
	≤ 5.5

	CP-OFDM 64 QAM
	≤ 5.5

	CP-OFDM 256 QAM
	



Proposal 3: Specify no A-MPR for 3 MHz channel in NS_14.

Proposal 4: If NS_15 is signaled apply the A-MPR from tables 5 and 6.
Table 5: A-MPR regions for NS_15
	Channel BW
	Carrier Frequency, Fc, MHz
	RBend*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR

	3MHz
	844.5 < Fc ≤ 847.5
	≥1.62
	>0
	A5



Table 6: A-MPR for NS_15
	Modulation/Waveform
	A5

	
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	≤ 7

	DFT-s-OFDM QPSK
	≤ 7.5

	DFT-s-OFDM 16 QAM
	≤ 7.5

	DFT-s-OFDM 64 QAM
	≤ 7.5

	DFT-s-OFDM 256 QAM
	≤ 7.5

	CP-OFDM QPSK
	≤ 8

	CP-OFDM 16 QAM
	≤ 8

	CP-OFDM 64 QAM
	≤ 8

	CP-OFDM 256 QAM
	≤ 8.5


Observation 1: 

	R4-2304574
	Ericsson
	Proposal 1:
Observation1: No restriction related to UE coexistence has been specified for LTE 3 MHz channel bandwidth in bands 26 and 28. Further study would still be needed to confirm this.
Observation2: For ACS, 33dBc could be used and the requirement could be specified as done for LTE.

	R4-2304575
	Ericsson
	Proposal 1: Draft CR to TS 38.101-1
Observation 1:

	R4-2305361
	ZTE Corporation
	Proposal 1: Draft CR to TS 38.101-1
Observation 1:

	R4-2305503
	Qualcomm Inc.
	Proposal 1: Adopt SEM for 3 MHz channel bandwidth as shown in Table 1, i.e. aligned with LTE.
Table 1: SEM for 3 MHz channel bandwidth
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	3.0
MHz
	Measurement bandwidth

	 0-1
	-13
	30 kHz 

	 1 – 5
	-10
	1 MHz

	 5 – 6
	-25
	1 MHz



Proposal 2: Increase edge RB allocation MPR for pi/2 BPSK from 0.5 dB to 1 dB for 3 MHz channel bandwidth. 
Proposal 3: Consider the A-MPR simulation results provided and Tables 3 and 4 in defining A-MPR for NS_12 for 3 MHz channel bandwidth.
Table 3: A-MPR regions for NS_12
	Channel BW
	RBStart*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR 

	3MHz
	≤0.9
	>0
	A2

	5MHz
	≤1.8
	>0
	A1

	10MHz
	≤3.6
	>0
	A1



Table 4: A-MPR for NS_12
	Modulation/Waveform
	A1
	A2

	
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	≤ 5
	≤ 3

	DFT-s-OFDM QPSK
	≤ 5
	≤ 4

	DFT-s-OFDM 16 QAM
	≤ 5.5
	≤ 4

	DFT-s-OFDM 64 QAM
	≤ 5.5
	≤ 4

	DFT-s-OFDM 256 QAM
	≤ 9.5
	≤ 4.5

	CP-OFDM QPSK
	≤ 7
	≤ 6

	CP-OFDM 16 QAM
	≤ 7
	≤ 6

	CP-OFDM 64 QAM
	≤ 7
	≤ 6

	CP-OFDM 256 QAM
	≤ 9.5
	≤ 6



Observation 1: Direct re-use of LTE A-MPR is not possible due as in LTE A-MPR is added to MPR.
Observation 2: Due to narrower guard band than specified for 5 MHz linear leakage causes Pi/2 BPSK edge RB allocations to exceed general MPR allowance
Observation 3: Other than DFT-s-OFDM Pi/2 BPSK, general MPR can be re-used for 3 MHz ChBW.

	R4-2305662
	Huawei Technologies France
	Proposal 1: As ASE limits of NS_43 is respected with PC3 SEM and PC3 ACLR limits, no A-MPR is needed for 3MHz CBW at n8 (and n106).
Observations 1: NS_43 in LTE corresponds to B48(CBRS) which is different than the NR counter-part which corresponds to band n8.

	R4-2305700
	MediaTek Inc.
	Proposal 1: RAN4 to consider two modes for 3MHz channel bandwidth operation:
-	Mode 1: ordinary use, which means all 15 PRBs within the 3MHz channel bandwidth are usable, and ACS requirements apply for blockers outside of 3MHz channel bandwidth;
-	Mode 2: 12 PRB availability within the 3MHz channel filter, with no additional blocking requirements compared to Mode 1, i.e. 3MHz blocking protection applies for blockers outside of 3MHz channel bandwidth;
Proposal 2: For 3MHz channel bandwidth operation Mode 1, reuse the LTE ACS requirement, i.e., 33 dB.
Proposal 3: For 3MHz channel bandwidth operation Mode 2, RAN4 to seek for further RAN guidance or clarification before proceeding the normative works related to this mode.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1
Sub-topic description:
Open issues and candidate options before meeting:
Issue 2-1: MPR and A-MPR
· Proposals
· Option 1: (Nokia)
· Proposal 1: If NS_12 is signaled apply the A-MPR from tables 1 and 2.
Table 1: A-MPR regions for NS_12
	Channel BW
	Carrier Frequency, Fc, MHz
	RBStart*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR 

	3MHz
	815.5 ≤ Fc < 817.5
	≤0.9
	>0
	A2



Table 2: A-MPR for NS_12
	Modulation/Waveform
	A2

	
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	≤ 4

	DFT-s-OFDM QPSK
	≤ 5

	DFT-s-OFDM 16 QAM
	≤ 4.5

	DFT-s-OFDM 64 QAM
	≤ 5.5

	DFT-s-OFDM 256 QAM
	≤ 5

	CP-OFDM QPSK
	≤ 6

	CP-OFDM 16 QAM
	≤ 6

	CP-OFDM 64 QAM
	≤ 6

	CP-OFDM 256 QAM
	



· Proposal 2: If NS_13 is signaled apply the A-MPR from tables 3 and 4.
Table 3: A-MPR regions for NS_13
	Channel BW
	Carrier Frequency, Fc, MHz
	RBStart*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR

	3MHz
	818.5 ≤ Fc < 820
	≤0.54
	>0
	A4



Table 4: A-MPR for NS_13
	Modulation/Waveform
	A4

	
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	≤ 3

	DFT-s-OFDM QPSK
	≤ 4

	DFT-s-OFDM 16 QAM
	≤ 3.5

	DFT-s-OFDM 64 QAM
	≤ 4

	DFT-s-OFDM 256 QAM
	

	CP-OFDM QPSK
	≤ 5.5

	CP-OFDM 16 QAM
	≤ 5.5

	CP-OFDM 64 QAM
	≤ 5.5

	CP-OFDM 256 QAM
	



· Proposal 3: Specify no A-MPR for 3 MHz channel in NS_14.

· Proposal 4: If NS_15 is signaled apply the A-MPR from tables 5 and 6.
Table 5: A-MPR regions for NS_15
	Channel BW
	Carrier Frequency, Fc, MHz
	RBend*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR

	3MHz
	844.5 < Fc ≤ 847.5
	≥1.62
	>0
	A5



Table 6: A-MPR for NS_15
	Modulation/Waveform
	A5

	
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	≤ 7

	DFT-s-OFDM QPSK
	≤ 7.5

	DFT-s-OFDM 16 QAM
	≤ 7.5

	DFT-s-OFDM 64 QAM
	≤ 7.5

	DFT-s-OFDM 256 QAM
	≤ 7.5

	CP-OFDM QPSK
	≤ 8

	CP-OFDM 16 QAM
	≤ 8

	CP-OFDM 64 QAM
	≤ 8

	CP-OFDM 256 QAM
	≤ 8.5



· Option 2: (Qualcomm)
· Proposal 2: Increase edge RB allocation MPR for pi/2 BPSK from 0.5 dB to 1 dB for 3 MHz channel bandwidth. 
· Proposal 3: Consider the A-MPR simulation results provided and Tables 3 and 4 in defining A-MPR for NS_12 for 3 MHz channel bandwidth.
Table 3: A-MPR regions for NS_12
	Channel BW
	RBStart*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR 

	3MHz
	≤0.9
	>0
	A2

	5MHz
	≤1.8
	>0
	A1

	10MHz
	≤3.6
	>0
	A1



Table 4: A-MPR for NS_12
	Modulation/Waveform
	A1
	A2

	
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	≤ 5
	≤ 3

	DFT-s-OFDM QPSK
	≤ 5
	≤ 4

	DFT-s-OFDM 16 QAM
	≤ 5.5
	≤ 4

	DFT-s-OFDM 64 QAM
	≤ 5.5
	≤ 4

	DFT-s-OFDM 256 QAM
	≤ 9.5
	≤ 4.5

	CP-OFDM QPSK
	≤ 7
	≤ 6

	CP-OFDM 16 QAM
	≤ 7
	≤ 6

	CP-OFDM 64 QAM
	≤ 7
	≤ 6

	CP-OFDM 256 QAM
	≤ 9.5
	≤ 6



· Option 3: (Huawei)
· Proposal 1: As ASE limits of NS_43 is respected with PC3 SEM and PC3 ACLR limits, no A-MPR is needed for 3MHz CBW at n8 (and n106).
· Recommended WF
· TBA

Sub-topic 2-2
Sub-topic description 
Open issues and candidate options before meeting:
Issue 2-2: SEM
· Proposals
· Proposal 1: Adopt SEM for 3 MHz channel bandwidth as shown in Table 1, i.e. aligned with LTE. (Qualcomm)
· Recommended WF
· TBA

Sub-topic 2-3
Sub-topic description 
Open issues and candidate options before meeting:
Issue 2-3: UE coexistence
· Proposals
· Proposal 1: No restriction related to UE coexistence has been specified for LTE 3 MHz channel bandwidth in bands 26 and 28. Further study would still be needed to confirm this. (Ericsson)
· Recommended WF
· TBA

Sub-topic 2-4
Sub-topic description 
Open issues and candidate options before meeting:
Issue 2-4: ACS
· Proposals
· Option 1: For ACS, 33dBc could be used and the requirement could be specified as done for LTE. (Ericsson)
· Option 2: (MediaTek)
· Proposal 1: RAN4 to consider two modes for 3MHz channel bandwidth operation:
· Mode 1: ordinary use, which means all 15 PRBs within the 3MHz channel bandwidth are usable, and ACS requirements apply for blockers outside of 3MHz channel bandwidth;
· Mode 2: 12 PRB availability within the 3MHz channel filter, with no additional blocking requirements compared to Mode 1, i.e. 3MHz blocking protection applies for blockers outside of 3MHz channel bandwidth;
· Proposal 2: For 3MHz channel bandwidth operation Mode 1, reuse the LTE ACS requirement, i.e., 33 dB.
· Proposal 3: For 3MHz channel bandwidth operation Mode 2, RAN4 to seek for further RAN guidance or clarification before proceeding the normative works related to this mode.
· Recommended WF
· TBA

Sub-topic 2-5
Sub-topic description:
Open issues and candidate options before meeting:
Issue 2-5: CR drafting
· Proposals
· See contributions summary in 2.1
· Recommended WF
· Note the Draft CRs in R4-2304042, R4-2304575 and R4-2305361, taking comments from companies in this meeting for merged CR drafting (co-sourced by all participating companies) in next meeting.

Companies views’ collection for 1st round 
Open issues 
One of the two formats, i.e. either example 1 or 2 can be used by moderators.
	Company
	Comments

	Ericsson
	Sub topic 2-1: A compromise should be found between option 1 and 2 for NS_12. 
Sub topic 2-2: This is aligned with our draft CR
Sub topic 2-3: 
Sub topic 2-4: Option 1 and option 2 - proposal 2 are similar and ok. We don’t support option 2 proposals 1 and 3. It might be difficult to agree on any such ACS value. Moreover, only specifying ACS requirement for 12 RBs won’t really help, we would need to specify a new channel BW with 12 RBs then, which is out of scope.
Sub topic 2-5:
….
Others:

	MediaTek
	Issue 2-1: MPR and A-MPR
For NS_12, Option 1 and 2 are not far away, and can be consolidated in some way.
	Modulation/Waveform
	A2 – Option 1
	A2 – Option 2

	
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	≤ 4
	≤ 3

	DFT-s-OFDM QPSK
	≤ 5
	≤ 4

	DFT-s-OFDM 16 QAM
	≤ 4.5
	≤ 4

	DFT-s-OFDM 64 QAM
	≤ 5.5
	≤ 4

	DFT-s-OFDM 256 QAM
	≤ 5
	≤ 4.5

	CP-OFDM QPSK
	≤ 6
	≤ 6

	CP-OFDM 16 QAM
	≤ 6
	≤ 6

	CP-OFDM 64 QAM
	≤ 6
	≤ 6

	CP-OFDM 256 QAM
	
	≤ 6



Issue 2-2: SEM
Fine with Proposal 1.
Issue 2-3: UE coexistence
Fine with Proposal 1.
Issue 2-4: ACS
As proponent of Option 2, at first we may agree on ACS for Mode 1 (i.e., ordinary use) which is the same as Option 1. However, for Mode 2, it is not clear whether or not it is in the scope, and it is fine with us if RAN confirms it is out of the scope. 

	Qualcomm
	Issue 2-1: MPR and A-MPR
For NS_12, we would be ok some compromise, potentially averaging, between the values in option 1 and option 2. It would be also ok to do this in next meeting to allow time for other companies to bring results. Could Nokia also clarify why in their results DFT-s-OFDM 16QAM seems to need less A-MPR than QPSK?
For all the other NS-values in the operating bands within the scope of the WI, we require further time to study and aim to bring as much as possible simulation results to the coming meeting to help progress the work. However, agreement at this point based on single company results is too early.
For the MPR, it was observed that pi/2 BPSK has lower MPR for edge allocation and as a results it will end up setting the most stringent implementation requirement for WOLA which is not reasonable. Therefore half dB increase to pi/2 BPSK edge MPR is proposed. This could be implemented to the specification with a table note so that there is no impact to other RF channel bandwidths.
Issue 2-2: SEM
OK
Issue 2-3: UE coexistence
It is reasonable to further check if there is any restriction.
Issue 2-4: ACS
We support option 1. 
We do not see two operating modes necessary as blockers would be always outside 3 MHz channel bandwidth and channel bandwidth is always configured inside the operating band. It is up to UE to place the LO accordingly.

	Apple
	Issue 2-1: MPR and A-MPR
We did not provide a paper this meeting but checked on the provided MPR and A-MPR results.
On proposal for MPR: Our simulations on edge MPR agree that there is an increase in back-off need when comparing 3MHz to 5MHz channel. We can confirm that proposed 1dB is required for Pi/2 BPSK. A small delta is also observed for QPSK and we would like to ask companies to verify whether an adjustment for DFT-s-QPSK Edge is needed (e.i. from 1.0 to 1.5dB). In case of CP-OFDM there does not seem to be a need for adjustment as there is already 3dB for edge RBs.
On proposals for NS_12 and NS_13: Simulations indicate values close to those proposed in Option 1. Therefore, we would support Option 1.
On proposals for NS_15: The suggested region from option 1 which covers RBs at the higher side of the channel is fine. Additionally, we would like to propose a small region covering the lower edge RBs. There is a mixing product (Wanted + Image) falling into the protected area with up to 4.5dB back-off need. A region only covering edge RBs should be sufficient. This case might need further checking.
Issue 2-2: SEM
We are ok with the proposal
Issue 2-4: ACS
We are ok with option 1. We don’t think we need to distinguish specific modes here, the normal measurement with the full RB allocation should be fine.

	ZTE
	Issue 2-1: MPR and A-MPR
Agree with Ericsson.
Issue 2-2: SEM
OK with Proposal 1, since it is aligned with our draft CR.
Issue 2-3: UE coexistence
OK with Proposal 1.
Issue 2-4: ACS
Option 1.

	Nokia
	Sub topic 2-1: Agree with Ericsson, all A-MPR need more discussion and input from other companies. We can target agreeing A-MPR in May meeting. To QC we investigate and provide new results for May if needed. We can agree QC proposal for 0.5 dB increase to 2 BPSK edge MPR.
Sub topic 2-2: Proposal 1 is ok, it is same as in our CR
Sub topic 2-3: In our CR you can see that note 19 and 34 needs a modification
Sub topic 2-4: Option 1 as in our CR. Mode 1 and mode 2 approach is unnecessary complicated for minimum requirement.
Sub topic 2-5: We would like to propose a joint CR from all interested companies for May meeting. Nokia can initiate offline email discussion after this e-meeting. All three CRs are pretty close especially Nokia and Ericsson CRs. 

	Huawei
	Issue 2-1: MPR and A-MPR
NS_12:A compromise between two sets of AMPR can be reached.
We agree to wait for other companies to provide their input on other NS values. However it would be better to list the NS values that we would want to evaluate in the WF that way we can reach a conclusion quickly.
Issue 2-2: SEM
Agree with Proposal 1
Issue 2-3: UE coexistence
Agree with Proposal 1
Issue 2-4: ACS
Agree with Proposal 1





CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2304042
	Company A

	
	Qualcomm: It is too early to agree/endorse CR. Some observations from the content on top of what other companies already commented:
1) sync raster aspects are missing. 
2) 3 MHz is missing from NS_14. The requirement should be applicable even if A-MPR would not be allowed.
3) For NS_12 and NS_13 it is unclear why DFT-s-OFDM 16QAM would need less A-MPR than QPSK

	
	Ericsson: 
Table 6.5.3.2-1: Notes 19 and 34: why adding this applicability for 3 MHz? Such restriction was not needed for LTE, right?
7.3.2 – REFSENS: the RB configurations are missing for 3 MHz
Tables 7.5-3 and 7.5-4: Finterferer should be -3 / 3 for 3 MHz CBW (not only “3”)
The FRCs for 3 MHz are missing.

DOCOMO, KDDI, SoftBank, Rakuten:
Thank you for providing draft CR. As described in R4-2300500, we have interests on 3MHz for n28.
Although we are glad to discuss possible changes and technical feasibility, since the related discussion in Japan is still ongoing, we would like to wait for the final conclusion before agreeing CR.
Thus we would like to postpone the draft CR in this meeting at least for the requirements for n28.

	
	Nokia: For Ericsson 
· About notes The note is added to align with Japanese operators request in RP-230163. For LTE, we think CR will be needed later according to R4-2300500.
· Agree with REFSENS UL allocation missing
· Agree Finterferer is incomplete
Yes FRCs are missing, we can use Ericsson proposal as baseline
For DOCOMO, KDDI, SoftBank, Rakuten ok to postpone draftCRs for this meeting but if Japanese regulation is not clear in May what do we do then? We would like to agree CR in May if possible.

	R4-2304575
	Company A

	
	Qualcomm: It is too early to agree/endorse CR. Why 3 MHz is not added to NS_13 and NS_14?

	
	DOCOMO, KDDI, SoftBank, Rakuten:
Thank you for providing draft CR. As described in R4-2300500, we have interests on 3MHz for n28.
Although we are glad to discuss possible changes and technical feasibility, since the related discussion in Japan is still ongoing, we would like to wait for the final conclusion before agreeing CR.
Thus we would like to postpone the draft CR in this meeting at least for the requirements for n28.

	
	Nokia: 
· Table 6.2.3.1-1: NS_13 need 3 MHz addition
· A-MPR for NS_13 is needed
· Table 6.5.2.3.4-1 first entry is -15 dBm where as we have -13 dBm. Not sure if either one is correct? We can go with -15 dBm if others think it is ok.
· Table 6.5.3.3.2-1: Note 1 is missing 3 MHz
N100 REFSENS is 0.5 dB better that ours, we are ok with that

	R4-2305361
	Company A

	
	Qualcomm: It is too early to agree/endorse CR.

	
	Ericsson:
Table 5.3.5-1: problem with band n54 (5 in the 3 MHz column)
Updates for NS_15, NS_17 and NS_18 are missing
Requirements for NS_06 and NS_07 are missing
NS_43 and NS_43U updates are not needed anymore as n8 has been removed from the WI
REFSENS for 3 MHz CBW – band n100 is missing
7.3.2 – REFSENS: the RB configurations are missing for 3 MHz
Tables 7.5-3 and 7.5-4: we need separate column for 3 MHz (interferer BW)
The FRCs for 3 MHz are missing.

DOCOMO, KDDI, SoftBank, Rakuten:
Thank you for providing draft CR. As described in R4-2300500, we have interests on 3MHz for n28.
Although we are glad to discuss possible changes and technical feasibility, since the related discussion in Japan is still ongoing, we would like to wait for the final conclusion before agreeing CR.
Thus we would like to postpone the draft CR in this meeting at least for the requirements for n28.

	
	Nokia:
· Table 6.2.3.1-1 NS_13, 15, 17, 18 are missing
· Many A-MPRs are missing
· Notes 19 and 34 in Table 6.5.3.2-1 need modification
· NS_43" and “NS_43U not needed
· SEM for NS_06" or “NS_07 is missing
· Additional requirements for NS_13, 15, 17, 18 are missing
· REFSENS for n100 is missing
· UL allocation for REFENS is missing
ACS tables need attention for BWinterferer and offset



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #2-1
	Tentative agreements:
Candidate options:
Seven companies suggested a compromise between option 1 and option 2, two companies suggested waiting for further input from other companies and make decision in next meeting, this should be further discussed in next meeting.
Recommendations for 2nd round:
No need for 2nd round.

	Sub-topic #2-2
	Tentative agreements:
Seven companies agreed with proposal 1, this should be agreeable.
Candidate options:
Recommendations for 2nd round:
No need for 2nd round.

	Sub-topic #2-3
	Tentative agreements:
Candidate options:
Four companies agreed with proposal 1, while two companies suggested further checking, this should be further discussed in the 2nd round.
Recommendations for 2nd round:
Further discuss and decide whether proposal 1 can be agreed.

	Sub-topic #2-4
	Tentative agreements:
Candidate options:
Six companies agreed with option 1, while proponent of option 2 suggested further discussion, this should be further discussed in the 2nd round.
Recommendations for 2nd round:
Further discuss and decide whether option 1 can be agreed.

	Sub-topic #2-5
	Tentative agreements:
Note the Draft CRs in R4-2304042, R4-2304575 and R4-2305361, merged CR drafting (co-sourced by all participating companies) in next meeting.
Candidate options:
Recommendations for 2nd round:
No need for 2nd round.



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	R4-2304042
	Noted

	R4-2304575
	Noted

	R4-2305361
	Noted



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
Sub-topic #1-1:
Issue 1-1: Further discuss and decide whether proposal 1 can be agreed.
· Proposal 1: No restriction related to UE coexistence has been specified for LTE 3 MHz channel bandwidth in bands 26 and 28. Further study would still be needed to confirm this. (Ericsson, MediaTek, ZTE, Huawei)
Issue 1-2: Further discuss and decide whether option 1 can be agreed.
· Option 1: For ACS, 33dBc could be used and the requirement could be specified as done for LTE. (Ericsson, Qualcomm, Apple, ZTE, Nokia, Huawei)
	Company
	Comments

	Nokia
	Issue 1-1: No change needed before Japanese regulation is decided
Issue 1-2: Option 1 is agreeable

	Qualcomm
	Issue 1-1: Ok with proposal 1
Issue 1-2: Ok with option 1.

	Ericsson
	Issue 1-2: agree with option 1

	MediaTek
	Issue 1-1: Agree with Proposal 1.
Issue 1-2: Ok with Option 1 for normal operation (i.e., the scenario where there are 15 PRBs usable for 3MHz).

	Huawei
	Issue 1-1: Agree with Proposal 1
Issue 1-2: Agree with Proposal 2




Summary for 2nd round 
Open issues 
	
	Status summary 

	Issue 1-1
	Tentative agreements:
Five companies were fine with proposal 1, this should be included in the WF.

	Issue 1-2
	Tentative agreements:
Five companies were fine with option 1, this should be included in the WF.


Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on …
	YYY
	

	
	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	
	WF on system requirements
	Nokia
	

	
	WF on UE RF requirements
	Nokia
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2304156
	
	Cell search differentiation between legacy and sub-5MHz based on DMRS detection
	Apple
	Noted
	

	R4-2304269
	
	Analysis of GB, Channel Size and Sync Raster for potential new 3MHz channel BW for NR FR1 less than 5MHz BW
	Intel Corporation
	Noted
	

	R4-2304571
	
	Spectrum les than 5 MHz - System Parameters
	Ericsson
	Noted
	

	R4-2304875
	
	Sync raster of NR support for dedicated spectrum less than 5MHz for FR1
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2305100
	
	Discussion on system parameters of  less than 5MHz
	vivo
	Noted
	

	R4-2305354
	
	Discussion on system parameter for less than 5MHz NR channels
	ZTE Corporation
	Noted
	

	R4-2305504
	
	LS out: System parameters for dedicated spectrum
	Qualcomm Inc.
	Return to
	

	R4-2305664
	
	Synchronization raster for CBW of 3MHz
	Huawei, HiSilicon
	Noted
	

	R4-2305699
	
	Further discussion on system parameters for sub-5MHz channel bandwidth
	MediaTek Inc.
	Noted
	

	R4-2304042
	
	draftCR to 38.101-1: Introduction of dedicated spectrum less than 5MHz for FR1
	Nokia
	Noted
	

	R4-2304095
	
	n26 A-MPR for 3 MHz channel
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304574
	
	Spectrum les than 5 MHz - UE RF requirements
	Ericsson
	Noted
	

	R4-2304575
	
	Draft CR to TS 38.101-1 - Introduction of 3 MHz channel bandwidth
	Ericsson
	Noted
	

	R4-2305361
	
	draft CR to TS38.101-1 the introduction of 3 MHz channel bandwidth
	ZTE Corporation
	Noted
	

	R4-2305503
	
	UE RF requirements for dedicated spectrum
	Qualcomm Inc.
	Noted
	

	R4-2305662
	
	PC3 AMPR Evaluations for 3MHz CBW
	Huawei Technologies France
	Noted
	

	R4-2305700
	
	Further discussion on UE RF requirements for sub-5MHz channel bandwidth
	MediaTek Inc.
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-23xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-23xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	R4-2305504
	
	LS out: System parameters for dedicated spectrum
	Qualcomm Inc.
	Noted
	

	R4-2306615
	
	WF on system requirements
	Nokia
	Agreeable
	

	R4-2306616
	
	WF on UE RF requirements
	Nokia
	Agreeable
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
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