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1. Introduction
At the RAN4 #NR-AH2 meeting in June, the superset of UE channel bandwidth (CBW) for both LTE-refarming and new NR bands was agreed [1], but it was FFS how to choose the set of CBW to mandate UE to support. At the RAN4 #84 meeting in August, the followings were also agreed [2]:
· UE maximum channel bandwidth is a UE capability.

· It is FFS if the UE capability is per band or a group of bands (such as sub6 and mmWave)

· UE shall meet either a single carrier or CA based RF requirements for the channel bandwidths in Slide #3-#4 that is equal to or smaller than UE maximum channel bandwidth for any SCS.

· RAN4 should agree some threshold value for which BW’s should be supported by single CC configuration. 

At the last meeting, it was proposed to define a CBW threshold which UEs shall support by single CC configuration for any LTE re-farming band [3], but unfortunately there was no conclusion. The CBW threshold to define UE mandatory CBW is also important for new NR bands, but there was no discussion so far.  In this contribution, we discuss the CBW threshold that UE shall support in single CC configuration for the new NR bands between 3-6GHz and above 24GHz.
2. NR bands between 3 - 6GHz
For the new NR bands between 3-6 GHz, i.e. band n77, n78 and n79, the agreed superset of UE CBW are as follows [2]. 
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As mentioned in the Sect. 1, it is still FFS how to choose the set of CBWs to mandate UE to support. However,  we can see from [4] that all of the CBWs are requested to support as mandatory CBW from operators. For the band n77/78, for example, all operators request to support 100MHz as UE mandatory CBW as quoted in Table 1. Even for lower CBWs, each operator has different preference but eventually all CBWs are requested by at least 3 operators. The situation is the same for the band n79. Considering above, we propose to define the CBW threshold of 100 MHz for any NR bands within 3-6GHz frequency range, which UEs shall support by single CC configuration. As commented at the last meeting, there is a risk that this proposal will prevent the introduction of NR IoT deceive with narrower CBW in future. To avoid that risk, this proposal should be applied only for UE support eMBB service at this moment.
Table 1. Requested CBWs to support as mandatory for n77/78 [4]
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Observation 1. For n77, 78 and 79, all operators request 100MHz as UE mandatory CBW, and any other CBW options are requested by at least 3 operators.

Observation 2. Making all UEs support 100MHz CBW as mandatory may prevent the introduction of IoT like terminal with narrower CBW in future. 

Proposal 1. At least for UEs support eMBB service, define the CBW threshold of 100 MHz for any NR bands within 3-6GHz frequency range, which UEs shall support by single CC configuration. 
3. NR bands above 24 GHz
For the new NR bands above 24 GHz, i.e. band n257, 258 and 260, the agreed superset of UE CBW are as follows [2]. 
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We can also see the operator’s requests as follows.

Table 2a. Requested CBWs to support as mandatory for n257/258 [4]
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Table 2b. Requested CBWs to support as mandatory for n260 [4]
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Different from the bands between 3-6GHz, all operators do NOT request to support 400MHz as mandatory for mmW bands. In our opinion, 400MHz CBW would have some technical disadvantages especially in downlink, e.g. power consumption. Hence, 400MHz should not be mandatory CBW at this stage. On the other hand, all operators request to support 200MHz as mandatory and it could have technical advantages compared with 400MHz. Therefore, 200MHz CBW would be appropriate as a CBW threshold for the bands above 24GHz.
Proposal 2. At least for UEs support eMBB service, define the CBW threshold of 200 MHz for any NR bands above 24GHz, which UEs shall support by single CC configuration.
4. RMSI transmission bandwidth
In the section 2 and 3, we discuss the CBW threshold based on the operator’s request in [4]. Since this CBW threshold also have an impact on the physical layer design of RMSI in RAN1, we discuss this issue in this section.
RMSI contains the minimum system information for UE to connect to the network, such as SIB1 and SIB2 in LTE. Since all NR UEs shall be able to receive RMSI, the transmission bandwidth of RMSI should be smaller than the CBW threshold. If RMSI is transmitted by an optional CBW larger than the threshold, some UEs without the capability of such optional CBW cannot connect to the network. 
Observation 3: RMSI shall be transmitted within a channel bandwidth which all UEs support as mandatory.
Related to this, RAN1 made some agreements as shown below. Note that RMSI is transmitted via NR-PDSCH, therefore the scheduling information of RMSI also needs to be transmitted via NR-PDCCH. It was also agreed that CORESET configuration for such NR-PDCCH is indicated via NR-PBCH, but the detail is FFS.
	Agreement at RAN1 #90
•
For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, 

–
CORESET for RMSI scheduling and NR-PDSCH for RMSI does not have to be confined within the same BW of corresponding NR-PBCH

–
Bandwidth for CORESET and NR-PDSCH for RMSI is confined within the UE minimum bandwidth for the given frequency band

Agreement at RAN1 #90bis
•
UE minimum bandwidth in the context of confinement of RMSI and CORESET containing PDCCH scheduling RMSI is defined as the largest bandwidth that all UEs must support regardless of UE capability, which is at least no less than the SS/PBCH bandwidth.


Currently, any CBW threshold is not agreed, thus the minimum UE CBW in each band is only CBW that all UEs shall support, e.g. 10MHz for n77/78 and 50MHz for mmW bands. Since RAN1 needs to complete all of the specifications related to the initial access and mobility aspects including RMSI design by this meeting [5], RAN1 may consider the minimum UE CBW in each band as the largest bandwidth for RMSI if RAN4 does not introduce a CBW threshold within this meeting.
Observation 4: If RAN4 does not decide a CBW threshold within this meeting, RAN1 may consider the minimum UE CBW in each band as the largest transmission bandwidth for RMSI. 
· Ex. 10MHz for n77/78 and 50MHz for mmW bands
If minimum UE CBW is considered as the largest bandwidth for RMSI, there would be a risk that NR coverage is significantly degraded due to the lack of transmission resource of NR-PDCCH scheduling RMSI. The blew table shows the required RB numbers for NR-PDCCH with possible aggregation levels. Note that we assume that 1 OFDM symbol is used for CORESET containing NR-PDCCH in this table.

Table 3. Required RB numbers for NR-PDCCH ( 1 OFDM symbol is used for CORESET)

	Aggregation level
	Required RB number in freq. domain
	Required frequency bandwidth [MHz]

	
	
	 Data SCS = 15kHz
	Data SCS = 30kHz
	Data SCS = 120kHz

	1
	6
	1.08
	2.16
	8.64

	2
	12
	2.16
	4.32
	17.28

	4
	24
	4.32
	8.64
	34.56

	8
	48
	8.64
	17.28
	69.12

	(16)
	96
	17.28
	34.56
	138.24


Especially in mmW bands, FDM between SS block and NR-PDCCH/RMSI would be beneficial to minimize the necessity of beam sweeping for SS block and RMSI as shown in Fig.1. Thanks to FDM, the same analogue beam direction can be applicable to both SS block and RMSI at a time instant, and other resources can be used for other channels without any restriction of analogue beam direction. According to the current agreements on spectrum utilization, on the other hand, the number of available RB for minimum CBW is only 32RB when assuming mmW band and 120kHz SCS. The size of SS block is 20RB, thus only 12RB (=32-20) are left for NR-PDCCH/RMSI. Therefore, if FDM is considered, applicable aggregation level is at most 2 if 1 OFDM symbol CORESET is assumed. Even for 2 OFDM symbol CORESET, applicable aggregation level is at most 4. 
In order to increase aggregation level, TMD between SS block and RMSI can be also considered as shown in Fig.2. In this case, aggregation level = 4 (8) can be used when 1 (2) OFDM symbol CORESET is assumed. However, the drawback of TDM is that additional beam sweeping for RMSI is required separately from that of SS blocks. This significantly restricts flexibility of analogue beam direction in time-domain and thus loses data scheduling opportunity. Therefore, especially for mmW bands, FDM between SS block and RMSI with enough aggregation level (e.g. AL=8) is very beneficial. To achieve this, 200MHz CBW  (=132RB available with 120kHz SCS) would be proper choice.
For sub6 bands, on the other hand, TDM between SS block and RMSI is likely to be used since digital beam forming would be used in this frequency range. However, there is the same issue as mmW bands if we consider minimum UE CBW as the largest bandwidth of RMSI. For example, maximum aggregation level is at most 4 for n77/78 bands  when 1 OFDM symbol OCREST is assumed, since only 24RB (= 10MHz CBW with 30kHz SCS) is available within minimum UE CBW. 
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Figure 1. FDM between SS block and RMSI for mmW bands
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Figure 2. TDM between SS block and RMSI for mmW bands
Observation 5: If minimum UE CBW is considered as the largest bandwidth of RMSI, there is a risk that the aggregation level of NR-PDCCH scheduling RMSI is significantly restricted. This could bring coverage degradation of NR.
Proposal 3:  RAN4 should decide a CBW threshold at an earlier time of this meeting and send LS to RAN1 to inform UE mandatory CBW for RMSI design.
3. Conclusion
In this contribution, we discuss the threshold value for deciding UE mandatory CBW in single carrier operation. From the analysis, we made the following observations and proposal.
Observation 1. For n77, 78 and 79, all operators request 100MHz as UE mandatory CBW, and any other CBW options are requested by at least 3 operators.

Observation 2. Making all UEs support 100MHz CBW as mandatory may prevent the introduction of IoT like terminal with narrower CBW in future. 

Observation 3: RMSI shall be transmitted within a channel bandwidth which all UEs support as mandatory.
Observation 4: If RAN4 does not decide a CBW threshold within this meeting, RAN1 may consider the minimum UE CBW in each band as the largest transmission bandwidth for RMSI. 
· Ex. 10MHz for n77/78 and 50MHz for mmW bands
Observation 5: If minimum UE CBW is considered as the largest bandwidth of RMSI, there is a risk that the aggregation level of NR-PDCCH scheduling RMSI is significantly restricted. This could bring coverage degradation of NR.
Proposal 1. At least for UEs support eMBB service, define the CBW threshold of 100 MHz for any NR bands within 3-6GHz frequency range, which UEs shall support by single CC configuration. 
Proposal 2. At least for UEs support eMBB service, define the CBW threshold of 200 MHz for any NR bands above 24GHz, which UEs shall support by single CC configuration. 
Proposal 3:  RAN4 should decide a CBW threshold for each frequency range at an earlier time of this meeting, and send LS to RAN1 to inform UE mandatory CBW for RMSI design.
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