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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk116910599]In RAN1 #112 meeting, following agreements on NR support for dedicated spectrum less than 5MHz for FR1 were made [1]:
	Conclusion
[bookmark: _Hlk134204532]For transmission bandwidths of <5MHz for 3MHz channel bandwidth, for CSI-RS other than for RRM measurements, no enhancements are needed.
FFS: CSI-RS for RRM 

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

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



In addition, following two LSs [2]-[3] from RAN#99 meeting were agreed:  
	From RP-230780
· [bookmark: _Hlk134194091][bookmark: _Hlk134194636]For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
· RAN1 is requested to consider whether the above also applies for other bands with 3MHz channel bandwidth, or whether the PBCH transmission bandwidth is 15 PRBs for such bands.
· For the 5MHz channel bandwidth:
· PBCH transmission bandwidth is 20 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
· Other details (including sync raster details) are to be progressed in the WGs.

From RP-230781
RAN Plenary has discussed question 1 on legacy bands and UE operation, and concluded the following:
· In some bands where the <5MHz feature is planned to be deployed there may be legacy NR UEs, whereas in others there are no legacy NR UEs. 
· In order to limit the impact to any legacy UEs in the same frequency range, it would be helpful if the sync raster can be differentiated for the less-than-5MHz channels. 
· It is assumed that UE support of the <5MHz feature is band-specific and optional.
[bookmark: _Hlk130806890][bookmark: _Hlk130374632]RAN Plenary has discussed question 2 on the feature list to be considered, and concluded that the less-than-5MHz WI in Rel-18 should consider single-carrier operation, excluding RedCap. In addition, UE speeds up to 500km/h should be targeted for Band n100 without impact to RAN1.



In this contribution, we provide our views on 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
[bookmark: _Hlk134177137]For PBCH transmission with less than 20PRBs, working assumption on RB-level puncturing was agreed in the last RAN1 meeting. According to RANP agreements, for the 3MHz channel bandwidth in band n100, the PBCH transmission bandwidth is 12 PRBs which is aligned with the number of PRBs for PSS/SSS. Hence, the 4 PRBs in the PBCH symbol at each side out of PSS/SSS bandwidth is punctured. For other bands except band n100, further discussion is needed on the number of PRBs for PBCH transmission, i.e., 12 or 15 PRBs. Based on the evaluation result in our contribution [4], following are observed:
· To achieve 1% BLER, there is around 2.25dB SINR loss for PBCH transmission using 15PRBs (puncturing 5PRBs) compared with the PBCH transmission using 20 PRBs (without any puncturing)
· With power boosting to increase the EPRE of the PBCH with 15 PRBs by 1.25dB, there is still 1dB SINR loss compared to the PBCH transmission using 20 PRBs (without any puncturing).
· The BLER performance for the four PBCH puncturing patterns as shown in Figure 1 is similar.
From above observation, it can be concluded that if the number of PBCH transmission is further reduced to 12PRBs, without power boosting, 3~4 dB SINR loss can be expected compared to the PBCH transmission without puncturing. With power boosting, around 1~1.6 dB SINR loss can be expected.  To reduce the coverage loss for PBCH, it is proposed that for the 3MHz channel bandwidth in the bands other than band n100, the PBCH transmission bandwidth is 15 PRBs.
Proposal 1: For the 3MHz channel bandwidth in the bands other than the band n100, PBCH transmission bandwidth is 15 PRBs.
[image: ]
Figure 1. PBCH puncturing patterns for the SSB for the 15 RB allocation
For PBCH transmission using15 PRBs, there are 4 PBCH puncturing patterns, which also depends on the position of the 3 MHz channel bandwidth in such bands and the corresponding synchronization raster. In order to have a deterministic puncturing on the 20-PRB SSB to avoid UE’s complexity on the blind detection, only one fixed puncturing pattern should be selected. Once the UE detects the new synchronization raster for 3MHz channel bandwidth on such bands, the UE can be aware of the PBCH puncturing pattern. The final puncturing pattern for the 15-PRB PBCH within SSB for 3 MHz channel bandwidth in these bands except band n100 can be decided by RAN4. 
Proposal 2: Only one puncturing pattern for PBCH transmission bandwidth using 15 PRBs should be defined for bands other than band n100 to reduce UE’s blind detection.
Proposal 3: Confirm following Working Assumption:
Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed
 
3. CORESET#0 transmission with less than 20 PRBs
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, following agreements were reached for CORESET#0 in RAN1#111 meeting:
	Agreement
[bookmark: _Hlk120110680]For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, following options are for study, 
· [bookmark: _Hlk134284681]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 



For CORESET#0 configuration, it is defined in TS 38.213, below gives configuration Table 13-1 for reference.   
[image: ]
For the number of PRBs usable for CORESET#0 in 3MHz and 5MHz channel BW, based on the RANP reply LS [2], our views are following:
· For band n100, the number of PRBs usable for CORESET#0 can be either 12 PRBs i.e., same as PBCH transmission bandwidth or 15 PRBs i.e., same as maximum channel utilization number. 12 PRBs is slightly preferred for simplicity to align with the PBCH transmission BW. 
· For 3MHz channel bandwidth in other bands except band n100, the number of PRBs usable for CORESET#0 should be 15 PRBs to reduce the coverage loss.
· For 5MHz channel bandwidth, the number of PRBs usable for CORESET#0 is 20RBs.
Proposal 4: For 3MHz channel bandwidth, 
· for bands other than band n100, the number of PRBs usable for CORESET#0 is 15 PRBs. 
· for band n100, the number of PRBs usable for CORESET#0 can be either 12 PRBs or 15 PRBs.
Proposal 5: For 5MHz channel bandwidth, the number of PRBs usable for CORESET#0 is 20 PRBs.
For the nominal location in frequency domain for CORESET#0, i.e., the nominal starting PRB for CORESET#0, it can still be determined by kssb and “Offse (RBs)”, the definition of kssb and “Offset (RBs)” and the reference points are the same as in legacy. For the 3MHz and 5MHz channel BW, using the actual SSB transmission location in frequency domain as reference, combined with the determined nominal starting PRB for CORESET#0, the actual starting PRB for CORESET#0, i.e, the puncturing pattern for CORESET#0 can be decided. 
[bookmark: _Toc127542982]Proposal 6: Reuse legacy definition for kSSB and “Offset (RBs)” to determine the nominal starting PRB for CORESET#0, the actual starting PRB for CORESET#0 is determined based on the nominal starting PRB for CORESET#0 and the location of actual SSB transmission. 
Considering the current CORESET#0 configuration table gives the size in time-domain (Number of Symbols) and frequency-domain (Number of RBs) and the location (Offset) for CORESET#0, and based on above proposal 2, 3 and 4, we think the existing configuration table for 15kHz SCS, 5MHz minimum channel BW (i.e., table 13-1 in TS38.213) can be reused for configuration.
Proposal 7: For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, Opt.1 is selected.
· Opt.1: existing configuration table for 15kHz SCS, 5MHz minimum channel BW (i.e., table 13-1 in TS38.213) is reused for configuration 
On whether and how to recover PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, similar as PBCH, evaluation is needed to check the performance for CORESET#0 by reusing existing design with puncturing. Based on TS 38.211 [5], 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 1 and Table 2 summarize the required SINR for achieving 1% BLER for PDCCH decoding. The corresponding BLER performance figures can be found in Appendix.  

Table 1: 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 2: 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 1 and 2, following can be observed:
Observation 1: For CORESET#0 with the configuration of 2 symbols and 24 RBs, to achieve the 1% BLER, 
· 1-1: 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]1-2: 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.
· 1-3: 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 2: For CORESET#0 with the configuration of 3 symbols and 24 RBs, to achieve the 1% BLER, 
· 2-1: 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.
· 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 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 8: 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 diversity gain brought by using interleaved CCE to REG mapping in the BW less than 5MHz is marginal. Therefore, following proposal is made.
Proposal 9: 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]Common PUCCH for MSG4 HARQ-ACK feedback
In RAN1#112 meeting, following conclusion was made.
	Conclusion 
No enhancements are needed for PUCCH to support transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, 
· FFS: the necessity for PUCCH FH disabling.



For 3MHz channel bandwidth, RAN4 will define the 3MHz channel bandwidth and Rel-18 UE will support it, hence common PUCCH with frequency hopping (FH) will not fall outside of the transmission BW. No enhancement is needed, FH for this case can be always enabled as in legacy. 
Proposal 10: For 3MHz channel bandwidth, the FH for common PUCCH for MSG4 HARQ-ACK feedback is always enabled, same as in legacy.
However, for transmission bandwidths of <5MHz for 5MHz channel bandwidth, based on the past discussions, RAN1 does not have common understanding whether UE can support arbitrary BWP size by Rel-17 from the implementation perspective, although current specification provides full flexibility to support a BWP of any size from configuration/signaling perspective. It may be necessary to consult with RAN4 on whether Rel-18 UEs supporting arbitrary BWP size can be a basic UE capability for the dedicated spectrum less than 5 MHz. If Rel-18 still UE cannot support any BWP size, or UE support any BWP size is optional capability for this WI, then FH should be disabled to avoid the UE transmitting the common PUCCH for MSG4 outside of actual bandwidth. The mechanism introduced for R17 RedCap to disable the FH for common PUCCH can be reused here.  
Proposal 11: For 5MHz channel bandwidth,
· If it is feasible for Rel-18 UE to implement any size of initial UL BWP as basic feature for this WI, no issue is found for common PUCCH for MSG4 HARQ-ACK feedback with Frequency Hopping (FH). 
· Otherwise, to prevent the Rel-18 UE transmits common PUCCH with FH outside the actual bandwidth, FH should be disabled. 

CSI-RS/TRS
It was agreed that for transmission bandwidths of <5MHz for 3MHz channel bandwidth, for CSI-RS other than for RRM measurements, no enhancements are needed. There are two remaining issues for CSI-RS/TRS.
First issue is for transmission bandwidths of <5MHz for 5MHz channel bandwidth e.g. 3.6MHz, for CSI-RS other than for RRM measurements, depending on outcome of proposal 9, in case the UE can support the arbitrary size of BWP, then no enhancement is needed and the CSI-RS could be fully transmitted within the transmission BW based on legacy principle. In case the UE cannot be configured with any RB number from implementation perspective, then the number of RBs for CSI-RS is 24RBs based on , resulting the CSI-RS RBs out of available bandwidth. For such case, similar approach as introduced in Rel-16 TEI for flexible TRS bandwidth (i.e., TRS bandwidth sizes of 28, 32, 36, 40, 44, 48 RBs) for BWP of 52 RBs [6] can be adopted to support the CSI-RS/TRS for 5MHz channel bandwidth with transmission bandwidths of <5MHz, the related UE feature is proposed in our companion contribution [6]. 
[bookmark: _Hlk134546777]Proposal 12:  Define CSI-RS/TRS bandwidth sizes of 12, 16, 20 PRBs for NR cell operating the spectrum allocation from approximately 3 MHz up to below 5 MHz. 
Second issue is whether/how to support CSI-RS for RRM measurements for both 3MHz and 5MHz channel bandwidth. There are two options.
· Opt.1: Configure a (set of) lower bandwidth(s) for CSI-RS for RRM measurements
· Opt.2: Rely on SSBs for RRM measurements 
We are open for either down-select to option 2 or introducing UE capability to support both options.
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 CORESET#0 with the configuration of 2 symbols and 24 RBs, to achieve the 1% BLER, 
· 1-1: 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.
· 1-2: 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.
· 1-3: 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 2: For CORESET#0 with the configuration of 3 symbols and 24 RBs, to achieve the 1% BLER, 
· 2-1: 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.
· 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 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.

Proposals
Proposal 1: For the 3MHz channel bandwidth in the bands other than the band n100, PBCH transmission bandwidth is 15 PRBs.
Proposal 2: Only one puncturing pattern for PBCH transmission bandwidth using 15 PRBs should be defined for bands other than band n100 to reduce UE’s blind detection.
Proposal 3: Confirm following Working Assumption:
Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed
Proposal 4: For 3MHz channel bandwidth, 
· for bands other than band n100, the number of PRBs usable for CORESET#0 is 15 PRBs. 
· for band n100, the number of PRBs usable for CORESET#0 can be either 12 PRBs or 15 PRBs.
Proposal 5: For 5MHz channel bandwidth, the number of PRBs usable for CORESET#0 is 20 PRBs.
Proposal 6: Reuse legacy definition for kSSB and “Offset (RBs)” to determine the nominal starting PRB for CORESET#0, the actual starting PRB for CORESET#0 is determined based on the nominal starting PRB for CORESET#0 and the location of actual SSB transmission. 
Proposal 7: For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, Opt.1 is selected.
· Opt.1: existing configuration table for 15kHz SCS, 5MHz minimum channel BW (i.e., table 13-1 in TS38.213) is reused for configuration 
Proposal 8: 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 9: 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 10: For 3MHz channel bandwidth, the FH for common PUCCH for MSG4 HARQ-ACK feedback is always enabled, same as in legacy.
Proposal 11: For 5MHz channel bandwidth,
· If it is feasible for Rel-18 UE to implement any size of initial UL BWP as basic feature for this WI, no issue is found for common PUCCH for MSG4 HARQ-ACK feedback with Frequency Hopping (FH). 
· Otherwise, to prevent the Rel-18 UE transmits common PUCCH with FH outside the actual bandwidth, FH should be disabled. 
[bookmark: _GoBack]Proposal 12:  Define CSI-RS/TRS bandwidth sizes of 12, 16, 20 PRBs for NR cell operating the spectrum allocation from approximately 3 MHz up to below 5MHz. 
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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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Figure 3-1: Interleaved CCE-to-REG mapping Figure 3-2: Non-interleaved CCE-to-REG mapping
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2-symbol CORESET#0, AL=4

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

Case1-2-2: w/o interleaver, no CCE is punctured, w/o power boost

Case1-2-2: w/o interleaver, no CCE is punctured, w power boost
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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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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





