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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk116910599]In RAN1 #111 meeting, following agreements on NR support for dedicated spectrum less than 5MHz for FR1 were made [1]:
	Agreement
In an LS to RAN4, in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW.

Agreement
RAN1 would like to ask RAN4 if finer sync. raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as any input from RAN1 for RAN4’s answer to this question.

Agreement
Before getting RAN4 responses, RAN1 assume maximum transmission bandwidth, 15RBs or 16RBs for 3 MHz channel BW for evaluation and analysis.
Note: include agreement into the LS

Agreement
Before getting RAN4 responses, RAN1 assume that the UE could know which RBs are used for SSB transmission after PSS/SSS is detected for evaluation and analysis. 
Note: it does not mean indication signaling is needed.
Note: include this agreement into the LS

[bookmark: _Hlk119584988]Agreement
Final LS to RAN4 R1-2212919 is endorsed.

Agreement
For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs. 
· FFS which PRBs are used and how to use the PRBs 
· Note: PRBs for PSS/SSS are not punctured.

Agreement
[bookmark: OLE_LINK16]Study whether and how to recover PBCH detection performance for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· Opt.1: Power boosting
· Opt.2: Multiple PBCH receptions 
· Opt.3: PBCH remapping
· Opt.4: PBCH payload reduction
· Opt.5: PBCH rate matching around the punctured PRBs
· Opt.6: no enhancement specified

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.

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 

Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK7]No enhancements are required for PRACH to operate NR on transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. 
· Note: PRACH formats and configurations not fitting into the transmission BW are not applicable

Agreement
Short PRACH formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS are supported for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth.

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.



In this contribution, we provide our views and potential enhancements from RAN1 perspective for PBCH, CORESET#0 using less than 20 PRBs and other signals like common PUCCH, CSI-RS/TRS for spectrum allocations from approximately 3 MHz up to below 5MHz. 
2. PBCH transmission with less than 20 PRBs
For PBCH transmission with less than 20PRBs, it was agreed for RAN1 to assume that the UE could know which RBs are used for PBCH transmission after PSS/SSS detection on the new/finer sync. raster for the dedicated spectrum. Then the remaining issue is which RBs (starting and ending RB) are used (call it as PBCH transmission pattern) and whether/what enhancement is needed to recover the PBCH detection performance. 
Based on the WID, PSS/SSS specification without puncturing should be reused. Depending on the owner’s spectrum availability and the new/finer sync. raster design, there may be different PBCH transmission patterns as shown in Figure 1. To reduce UE’s blind detection, it is desirable that there is only one PBCH transmission pattern for each or all newly defined sync. raster(s). 
[image: ]                           [image: ]
Figure 1: illustration for PBCH transmission patterns (punctured RB locations)
Proposal 1: Define one PBCH transmission pattern for each or all newly defined sync. raster to reduce UE’s blind detection.
To determine whether any enhancements are needed to recover PBCH detection performance for the 3MHz dedicated spectrum, following cases are evaluated. Figure 1 shows the BLER performance of PBCH puncturing and Table 1 summarizes the results for different cases. The detailed simulation assumptions can be found in Appendix.
· Case 1: legacy behavior: Network transmits 20-RB PBCH, the UE receives the PBCH without puncturing (as baseline)
· Case 2: Network transmits “punctured” PBCH (i.e. 20RB punctured to 15RB [or16RB]), the UE receives the 15RB [or16RB] PBCH with puncturing, i.e. UE is aware of the puncturing from NW side and UE nulls the punctured RBs at the receiver (e.g. setting the log-likelihood ratios (LLRs) to zero in the channel decoder). 
· Case 2-1: Punctures 2RBs at one side and punctures 3RBs at the other side
· [bookmark: _Hlk123029777]without power boosting
· with power boosting to increase the EPRE of the remaining PBCH RBs by 1.25dB when 5RB are punctured
· Case 2-2: Punctures 1RB at one side and punctures 4RBs at the other side
· without power boosting
· with power boosting to increase the EPRE of the remaining PBCH RBs by 1.25dB when 5RB are punctured
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Figure 2. BLER performance for punctured PBCH 

Table 1: PBCH decoding performance for different cases
	Case
	SINR for 1% BLER [dB]
	SINR loss[dB] compared to Case 1

	Case 1
	-3.54
	--

	Case 2-1
	w/o power boost
	-1.33
	2.21

	
	w power boost
	-2.58
	0.97

	Case 2-2
	w/o power boost
	-1.24
	2.30

	
	w power boost
	-2.55
	0.99



From Table 1, it is observed that for BW of 3MHz with 15 RBs, to achieve 1% BLER, compared to the PBCH without puncturing, PBCH puncturing result in ~2dB loss, if no power boosting is used. With power boosting on the remaining RBs, the SINR loss can be minimized to ~1.0dB. In addition, the BLER performance for different PBCH puncturing patterns is similar. 1dB loss is small and considering the NR bottleneck channel is typically uplink channel, i.e., PUSCH [2], hence for PBCH, no additional enhancement is necessary.  
[bookmark: _Hlk126851774]Observation 1: For bandwidth < 5MHz, to achieve 1% BLER, without power boosting, there is around 2dB SINR loss for PBCH with puncturing of 5RB compared to the PBCH without puncturing. With power boosting, the SINR loss can be minimized to less than 1dB.
Proposal 2: Power boosting can be used to recover PBCH detection performance for transmission bandwidths of <5MHz for the dedicated spectrum. No specification impact is needed.

3. CORESET#0 transmission with less than 20 PRBs
CORESET#0
During cell search, the UE determines the configuration for Type0-PDCCH CSS set and the associated CORESET#0 configuration from MIB. Correct reception of CORESET#0 is essential to get all the information that a UE needs to know for performing the initial access. For the dedicated spectrum less than 5MHz, if existing design is reused, the index 0 ~ index 5 in Table 13-1 of TS 38.213 [3] (see below) with 24-PRB and 2~3-symbol CORESET#0 can be the candidates for the dedicated spectrum.  
	
[image: ]
Similar as PBCH, evaluation is needed to check the performance for CORESET#0 by reusing existing design with puncturing. Based on TS 38.211 [4], CORESET#0 always uses interleaved CCE-to-REG mapping with REG bundle size of 6 and interleave size R=2. In the following, we evaluate both interleaved and Non-interleaved CCE-to-REG mapping for 2-symbol (Case 1) and 3-symbol (Case 2) CORESET#0 with 24 RBs.   
· Case 1: 2-symbol CORESET#0 with 24RBs, AL=4, AL=8
· Case 1-1: Baseline that the UE receives the PDCCH with AL=4 or AL=8 without puncturing
· Case 1-2: Network transmits “punctured” CORESET#0 (i.e. 24RB punctured to 15RB) and the UE nulls the punctured RBs at the receiver given the UE knows about the available RBs. Both without power boosting and with power boosting (increase the EPRE of the remaining 15RBs for PDCCH by 2dB), interleaved and Non-interleaved CCE-to-REG mapping are evaluated.
· Case 1-2-1: Interleaved CCE-to-REG mapping (Figure 3-1 in appendix gives illustration)
· AL=4, CCE#=0, 1, 2, 3; CCE#3 is punctured.
· AL=8, CCE#=0, 1, 2, 3, 4, 5, 6, 7; CCE#3, 5, 7 are punctured 
· Case 1-2-2: Non-interleaved CCE-to-REG mapping (Figure 3-2 in appendix gives illustration)
· AL=4, CCE#=0, 1, 2, 3; No puncturing
· AL=8, CCE#=0, 1, 2, 3, 4, 5, 6, 7; CCE#5, 6, 7 are punctured

· Case 2: 3-symbol CORESET#0 with 24RBs, AL=4, AL=8 
· Case 2-1: Baseline that the UE receives the PDCCH with AL=4 or AL=8 without puncturing
· AL=4, CCE#=0, 1, 2, 3; 
· AL=8, CCE#=0, 1, 2, 3, 4, 5, 6, 7; 
· Case 2-2: Network transmits “punctured” CORESET#0 (i.e. 24RB punctured to 15RB), and the UE nulls the punctured RBs at the receiver given the UE knows about the available RBs. Both without power boosting and with power boosting (increase the EPRE of the remaining 15RBs for PDCCH by 2dB), interleaved and Non-interleaved CCE-to-REG mapping are evaluated.
· Case 2-2-1: Interleaved CCE-to-REG mapping (Figure 4-1 in appendix gives illustration)
· AL=4, CCE#=0, 1, 2, 3; either REG#45, 46, 47 are punctured or the entire CCE#3 is punctured.
· AL=8, CCE#=0, 1, 2, 3, 4, 5, 6, 7; either (REG#45, 46, 47 + CCE#5, 7) are punctured or CCE#3, 5, 7 are punctured.
· [bookmark: _Hlk126851704]Case 2-2-2: Non-interleaved CCE-to-REG mapping
· AL=4, CCE#=0, 1, 2, 3; No puncturing.
· AL=8, CCE#=0, 1, 2, 3, 4, 5, 6, 7; either REG#45, 46, 47 are punctured or entire CCE#7 is punctured.
Table 2 and Table 3 summarize the required SINR for achieving 1% BLER for PDCCH decoding. The corresponding BLER performance figures can be found in Appendix.  

Table 2: PDCCH decoding performance for Case 1 of 2-symbol CORESET#0 with/without power boosting and with/without interleaver 
	Case 1: 2-symbol CORESET#0 w 24RBs
	SINR for 1% BLER [dB]
	SINR loss[dB]
	SINR for 1% BLER [dB]
	SINR loss[dB]

	
	AL=4
	AL=4
	AL=8
	AL=8

	Case 1-1
	legacy behavior
	-0.64
	--
	-3.75
	--

	Case 1-2-1
(w/ interleaver)
	w/o power boost
	CCE#3 is punctured
	1.48
	2.12
	CCE#3,5,7 are punctured
	-1.28
	2.47

	
	w power boost
	
	-0.47
	0.17
	
	-3.24
	0.51

	Case 1-2-2
(w/o interleaver)
	w/o power boost
	No CCE is punctured
	-0.49
	0.15
	CCE#5,6,7 are punctured
	-1.32
	2.43

	
	w power boost
	
	-2.44
	-1.80
	
	-3.28
	0.47



Table 3: PDCCH decoding performance for Case 2 of 3-symbol CORESET#0 with/without power boosting and with/without interleaver 
	Case 2: 3-symbol CORESET#0 w 24RBs
	SINR for 1% BLER [dB]
	SINR loss[dB]
	SINR for 1% BLER [dB]
	SINR loss[dB]

	
	AL=4
	AL=4
	AL=8
	AL=8

	Case 2-1
	legacy behavior
	-0.76
	--
	-3.82
	--

	Case 2-2-1
(w/ interleaver)
	w/o power boost
	REG#45, 46, 47 are punctured
	-0.11
	0.65
	REG#45, 46, 47, CCE#5, 7 are punctured
	-2.06
	1.76

	
	
	CCE#3 is punctured
	0.96
	1.72
	CCE#3,5,7are punctured
	-1.68
	2.14

	
	w power boost
	REG#45, 46, 47 are punctured
	-2.08
	-1.32
	REG#45, 46, 47, CCE#5, 7 are punctured
	-4.00
	-0.18

	
	
	CCE#3 is punctured
	-1.03
	-0.27
	CCE#3,5,7 are punctured
	-3.67
	0.15

	Case 2-2-2
(w/o interleaver)
	w/o power boost
	No CCE is punctured
	-0.44
	0.32
	REG#45, 46, 47 are punctured
	-3.76
	0.06

	
	
	
	
	
	CCE#7 is punctured
	-3.45
	0.37

	
	w power boost
	
	-2.35
	-1.59
	REG#45, 46, 47 are punctured
	-5.74
	-1.92

	
	
	
	
	
	CCE#7 is punctured
	-5.40
	-1.58



Based on Table 2 and 3, following can be observed:
Observation 2: For CORESET#0 with the configuration of 2 symbols and 24 RBs, to achieve the 1% BLER, 
· 2-1: When interleaved CCE-to-REG mapping is used, 
· For AL=4, there is 2.12dB SINR loss for PDCCH with puncturing of 1 entire CCE compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.17dB.
· For AL=8, there is 2.47dB SINR loss for PDCCH with puncturing of 4 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.51dB.
· [bookmark: _Hlk126852343]2-2: When Non-interleaved CCE-to-REG mapping is used, 
· For AL=4, no CCE is punctured, the SINR loss compared to the PDCCH with interleaved CCE-to-REG mapping is marginal, ~0.15dB. With power boosting, the SINR can be 1.8dB better than the PDCCH with interleaved CCE-to-REG mapping.
· For AL=8, there is 2.43dB SINR loss for PDCCH with puncturing of 4 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.47dB.
· 2-3: For BW of 3MHz,
· In case of AL=4, with power boosting, CORESET#0 with non-interleaved CCE-to-REG mapping outperforms CORESET#0 with interleaved CCE-to-REG mapping; 
· In case of AL=8, the CORESET#0 performance is similar for the non-interleaved CCE-to-REG mapping and interleaved CCE-to-REG mapping since the number of punctured CCEs is same. 

Observation 3: For CORESET#0 with the configuration of 3 symbols and 24 RBs, to achieve the 1% BLER, 
· 3-1: When interleaved CCE-to-REG mapping is used, 
· For AL=4, there is 1.72dB SINR loss for PDCCH with puncturing of 1 entire CCE compared to the PDCCH without puncturing. With power boosting, there is even 0.27dB SINR improvement.
· For AL=4, there is 0.65dB SINR loss for PDCCH with puncturing of partial (0.5) CCE compared to the PDCCH without puncturing. With power boosting, there is even 1.32dB SINR improvement.
· For AL=8, there is 2.14dB SINR loss for PDCCH with puncturing of 3 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.15dB.
· For AL=8 there is 1.76dB SINR loss for PDCCH with puncturing of partial (2.5) CCE compared to the PDCCH without puncturing. With power boosting, there is even 0.18dB SINR improvement.
· 3-2: When Non-interleaved CCE-to-REG mapping is used, 
· For AL=4, no CCE is punctured, the SINR loss compared to the PDCCH with interleaved CCE-to-REG mapping is small, ~0.32dB. With power boosting, the SINR can be 1.59dB better than the PDCCH with interleaved CCE-to-REG mapping.
· For AL=8, there is small, ~0.37dB SINR loss for PDCCH with puncturing of 1 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR can be improved 1.58dB better than the PDCCH without puncturing.
· For AL=8, the SINR loss for PDCCH with puncturing of partial (0.5) CCE compared to the PDCCH without puncturing is marginal, ~0.06dB. With power boosting, the SINR can be improved 1.92dB better than the PDCCH without puncturing.
Currently, REG bundle is the basic unit for channel estimation. For CORESET#0, the REG bundle size is fixed to 6, hence one integral entire CCE is the basic channel estimation unit. For the dedicated spectrum with less than 5MHz, depending on the available spectrum, PBCH transmission pattern design, there would be cases that partial CCE(s) are available for transmission. For such case, further discussion is needed on whether one integral or partial CCE should be punctured, and if partial CCE is punctured how UE should conduct the channel estimation. 
Proposal 3: For bandwidth < 5MHz, in case the partial CCE is available, further discuss is needed on whether to puncture one integral CCE or the partial CCE. 
· FFS UE behavior for channel estimation in case partial CCE is punctured. 
For CORESET#0 transmitted in the BW less than 5MHz, as shown by the evaluation, without interleaver, the number of punctured CCEs and also the number of partial CCEs that need to be punctured is reduced and thus better performance can be achieved especially for the AL=4; In addition, the diveristy gain brought by using interleaved CCE to REG mapping in the BW less than 5MHz is marginal. Therefore, following proposal is made.
Proposal 4: If PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth is needed, following options should be supported:
· Opt.1: Power boosting 
· Opt.2: Non-interleaved CCE-to-REG mapping

4. Necessary changes to other signals and channels
[bookmark: _Hlk117781730]MSG3 and Common PUCCH for MSG4 HARQ-ACK feedback
From configuration/signaling perspective, current specification provides full flexibility to support a BWP of any size. Therefore, SIB1 can configure a UE with the initial UL BWP of the size not larger than the actual bandwidth for the dedicated spectrum. However, it is not sure the initial UL BWP of any size is feasible from UE implementation perspective since it may have impacts on UE’s RF requirement. At least for the legacy UE, our understanding is it is not feasible to configure any PRB number for the BWP. However, assuming no legacy UE will be supported in the dedicated spectrum, it may be feasible for the new UE. Then there is no issue for MSG3 and common PUCCH transmission with intra-slot frequency hopping (FH). It is necessary to consult with RAN4.
[bookmark: _Hlk117784423]If Rel-18 UEs are mandated to support only BWP sizes corresponding to nominal channel BW defined in TS 38.101 [5], then the initial UL BWP should be configured with 5MHz with the actual available spectrum is less than 5 MHz. For such case, there is issue for the UL transmission with frequency hopping (FH). Given the actual spectrum bandwidth is less than 5MHz, the gain brought by FH is expected to be small. Therefore, disabling FH is one simple solution to avoid the UE transmitting the MSG3/common PUCCH for MSG4 outside of actual bandwidth. For MSG3 transmission, current specification supports to disable FH by setting the value of frequency hopping flag field as 0 in the RAR grant. However, for common PUCCH that without dedicated RRC configuration used for acknowledgement of MSG4, FH is always enabled for non-RedCap UEs. The mechanism introduced for R17 RedCap to disable the FH for common PUCCH can be reused here.  
Observation 4: 
· If it is feasible for UE to implement any size of initial UL BWP, no issue is found for MSG3 and common PUCCH for MSG4 HARQ-ACK feedback with FH. 
· Otherwise, to prevent the UE transmits MSG3 and common PUCCH with FH outside the actual bandwidth, FH should be disabled. 
· For MSG3, FH can be disabled by setting the value of frequency hopping flag field as 0 in the RAR grant.
· For common PUCCH, FH can be disabled by SIB1 based on the Rel-17 RedCap mechanism. 

Proposal 5: It is necessary to ask RAN4’s feedback on the feasibility for the UE to support the BWP size with any PRB number from implementation perspective. 

CSI-RS/TRS
The main target for CSI-RS/TRS transmission in dedicated spectrum is to support CSI-RS/TRS with flexible bandwidth from approximately 3 MHz up to below 5 MHz. Depending on outcome of proposal 5, if UE cannot be configured with any RB number from implementation perspective, then for the BW for example larger than 3.6MHz and smaller than 5MHz, the nominal BW would be 5MHz, then the number of RBs for CSI-RS is 24RBs based on , resulting the CSI-RS RBs out of available bandwidth. Rel-16 TEI introduced flexible TRS bandwidth (i.e., TRS bandwidth sizes of 28, 32, 36, 40, 44, 48 RBs) for BWP of 52 RBs [6]. Similar approach can be adopted to support the CSI-RS/TRS for dedicated spectrum allocations less than 5MHz. 
Proposal 6:  Define TRS bandwidth sizes of 12, 16, 20, 24 PRBs for NR cell operating the spectrum allocation from approximately 3 MHz up to below 5 MHz. 
· Rel-16 TEI of introduced flexible TRS bandwidth for BWP of 52 RBs can be the starting point. 
5. Conclusion
This contribution provides our initial views on how to support NR deploying in spectrum allocations less than 5MHz from physical layer perspective. The observation and proposals are summarized as following:
Observations
Observation 1: For bandwidth < 5MHz, to achieve 1% BLER, without power boosting, there is around 2dB SINR loss for PBCH with puncturing of 5RB compared to the PBCH without puncturing. With power boosting, the SINR loss can be minimized to less than 1dB.
Observation 2: For CORESET#0 with the configuration of 2 symbols and 24 RBs, to achieve the 1% BLER, 
· 2-1: When interleaved CCE-to-REG mapping is used, 
· For AL=4, there is 2.12dB SINR loss for PDCCH with puncturing of 1 entire CCE compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.17dB.
· For AL=8, there is 2.47dB SINR loss for PDCCH with puncturing of 4 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.51dB.
· 2-2: When Non-interleaved CCE-to-REG mapping is used, 
· For AL=4, no CCE is punctured, the SINR loss compared to the PDCCH with interleaved CCE-to-REG mapping is marginal, ~0.15dB. With power boosting, the SINR can be 1.8dB better than the PDCCH with interleaved CCE-to-REG mapping.
· For AL=8, there is 2.43dB SINR loss for PDCCH with puncturing of 4 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.47dB.
· 2-3: For BW of 3MHz,
· In case of AL=4, with power boosting, CORESET#0 with non-interleaved CCE-to-REG mapping outperforms CORESET#0 with interleaved CCE-to-REG mapping; 
· In case of AL=8, the CORESET#0 performance is similar for the non-interleaved CCE-to-REG mapping and interleaved CCE-to-REG mapping since the number of punctured CCEs is same. 

Observation 3: For CORESET#0 with the configuration of 3 symbols and 24 RBs, to achieve the 1% BLER, 
· 3-1: When interleaved CCE-to-REG mapping is used, 
· For AL=4, there is 1.72dB SINR loss for PDCCH with puncturing of 1 entire CCE compared to the PDCCH without puncturing. With power boosting, there is even 0.27dB SINR improvement.
· For AL=4, there is 0.65dB SINR loss for PDCCH with puncturing of partial (0.5) CCE compared to the PDCCH without puncturing. With power boosting, there is even 1.32dB SINR improvement.
· For AL=8, there is 2.14dB SINR loss for PDCCH with puncturing of 3 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR loss can be minimized to 0.15dB.
· For AL=8 there is 1.76dB SINR loss for PDCCH with puncturing of partial (2.5) CCE compared to the PDCCH without puncturing. With power boosting, there is even 0.18dB SINR improvement.
· 3-2: When Non-interleaved CCE-to-REG mapping is used, 
· For AL=4, no CCE is punctured, the SINR loss compared to the PDCCH with interleaved CCE-to-REG mapping is small, ~0.32dB. With power boosting, the SINR can be 1.59dB better than the PDCCH with interleaved CCE-to-REG mapping.
· For AL=8, there is small, ~0.37dB SINR loss for PDCCH with puncturing of 1 entire CCEs compared to the PDCCH without puncturing. With power boosting, the SINR can be improved 1.58dB better than the PDCCH without puncturing.
· For AL=8, the SINR loss for PDCCH with puncturing of partial (0.5) CCE compared to the PDCCH without puncturing is marginal, ~0.06dB. With power boosting, the SINR can be improved 1.92dB better than the PDCCH without puncturing.
Observation 4: 
· If it is feasible for UE to implement any size of initial UL BWP, no issue is found for MSG3 and common PUCCH for MSG4 HARQ-ACK feedback with FH. 
· Otherwise, to prevent the UE transmits MSG3 and common PUCCH with FH outside the actual bandwidth, FH should be disabled. 
· For MSG3, FH can be disabled by setting the value of frequency hopping flag field as 0 in the RAR grant.
· For common PUCCH, FH can be disabled by SIB1 based on the Rel-17 RedCap mechanism. 


Proposals
Proposal 1: Define one PBCH transmission pattern for each or all newly defined sync. raster to reduce UE’s blind detection.
Proposal 2: Power boosting can be used to recover PBCH detection performance for transmission bandwidths of <5MHz for the dedicated spectrum. No specification impact is needed.
Proposal 3: For bandwidth < 5MHz, in case the partial CCE is available, further discuss is needed on whether to puncture one integral CCE or the partial CCE. 
· FFS UE behavior for channel estimation in case partial CCE is punctured. 
Proposal 4: If PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth is needed, following options should be supported:
· Opt.1: Power boosting 
· Opt.2: Non-interleaved CCE-to-REG mapping

Proposal 5: It is necessary to ask RAN4’s feedback on the feasibility for the UE to support the BWP size with any PRB number from implementation perspective. 

[bookmark: _GoBack]Proposal 6:  Define TRS bandwidth sizes of 12, 16, 20, 24 PRBs for NR cell operating the spectrum allocation from approximately 3 MHz up to below 5 MHz. 
· Rel-16 TEI of introduced flexible TRS bandwidth for BWP of 52 RBs can be the starting point. 
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6. Appendix
Table A. General evaluation assumption for PBCH and CORESET#0
	Parameter
	Evaluation assumptions

	Scenario
	900MHz, SCS=15kHz

	Channel BW
	3MHz 15RBs

	Channel model
	TDL-C (delay spread: 300ns)

	UE velocity
	3km/h

	Number of gNB antenna port in LLS
	2Tx/2Rx

	Number of UE antenna port in LLS
	1Tx/2Rx

	CORESET#0 configuration
	2 or 3 symbols
Payload:  40 bits + 24 -bit CRC
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Figure 3 for Case 1 with 2-symbol CORESET#0 with 24RBs
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Figure 4 for Case 2 with 3-symbol CORESET#0 with 24RBs
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Figure 5
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Figure 6
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Table 13-1: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

Index SS/PBCH block and CORESET Number of RBs | Number of Symbols | .. (RBS)

multiplexing pattern Ny COREET NEoRESET
0 1 24 2 0
1 1 24 2 2
2 1 24 2 4
3 1 24 3 0
4 1 24 3 2
5 1 24 3 4
6 1 48 1 12
7 1 48 1 16
8 1 48 2 12
9 1 48 2 16
10 1 48 3 12
1 1 48 3 16
12 1 96 1 38
13 1 96 2 38
14 1 96 3 38
15 Reserved
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Figure 3-1: Interleaved CCE-to-REG mapping Figure 3-2: Non-interleaved CCE-to-REG mapping
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Case1-1: legacy behavior

Case1-2-1: w/ interleaver, CCE#3 is punctured, w/o power boost

Case1-2-1: w/ interleaver, CCE#3 is punctured, w power boost
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image7.emf
-20 -15 -10 -5 0 5

SINR (dB)

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

2-symbol CORESET#0, AL=8

Case1-1: legacy behavior

Case1-2-1: w/ interleaver, CCE#3,5,7 are punctured, w/o power boost

Case1-2-1: w/ interleaver, CCE#3,5,7 are punctured, w power boost

Case1-2-2: w/o interleaver, CCE#5,6,7 are punctured, w/o power boost

Case1-2-2: w/o interleaver, CCE#5,6,7 are punctured, w power boost
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Figure 4-1: Interleaved CCE-to-REG mapping Figure 4-2: Non-interleaved CCE-to-REG mapping
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3-symbol CORESET#0, AL=4

Case2-1: legacy behavior

Case2-2-1: w/ interleaver, CCE#3 is punctured, w/o power boost

Case2-2-1: w/ interleaver, CCE#3 is punctured, w power boost

Case2-2-1: w/ interleaver, REG#45,46,47 are punctured, w/o power boost

Case2-2-1: w/ interleaver, REG#45,46,47 are punctured, w power boost

Case2-2-2: w/o interleaver, no CCE is punctured, w/o power boost

Case2-2-2: w/o interleaver, no CCE is punctured, w power boost
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3-symbol CORESET#0, AL=8

Case2-1: legacy behavior

Case2-2-1: w/ interleaver, CCE#3,5,7 are punctured, w/o power boost

Case2-2-1: w/ interleaver, CCE#3,5,7 are punctured, w power boost

Case2-2-1: w/ interleaver, REG#45,46,47,CCE#5,7 are punctured, w/o power boost

Case2-2-1: w/ interleaver, REG#45,46,47,CCE#5,7 are punctured, w power boost

Case2-2-2: w/o interleaver, CCE#7 is punctured, w/o power boost

Case2-2-2: w/o interleaver, CCE#7 is punctured, w power boost

Case2-2-2: w/o interleaver, REG#45,46,47 are punctured, w/o power boost

Case2-2-2: w/o interleaver, REG#45,46,47 are punctured, w power boost
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