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1. Introduction
According to 3GPP spec, UE are allowed to access the network when gNB’s CBW is larger than UE supported CBW. But during our testing, 30MHz reconfiguration fails when UE access 40MHz network of n28 after UE’s self-check of the minimum guard band RF requirements.
In this contribution, we focus on analysis of such issue and show some solutions to help resolve such issue.
2. Discussion
In China, the available spectrum is 703-743MHz for UL and 758-798MHz for DL, partial of band n28. In practical network deployment, gNB use 40MHz CBW while UE is configured with dedicated 30MHz CBW considering UE’s capability. The dedicated 30MHz bandwidth is confined to either 703-733/758-788 or 718-748/768-798 MHz for UE.
According to current RAN4 requirements, the transmission bandwidth configuration and minimum guard band requirements are listed as below for reference. For 40MHz CBW with 15KHz SCS, maximum transmission bandwidth configuration NRB is 216PRB with 552.5KHz minimum guard band. For 30MHz CBW with 15kHz SCS, 160PRB with 592.5kHz minimum guard band.
Table 5.3.2-1 in TS 38.101-1: Transmission bandwidth configuration NRB for FR1
	SCS (kHz)
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	35
MHz
	40 MHz
	45 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	 
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	188
	216
	242
	270
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	92
	106
	119
	133
	162
	189
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	44
	51
	58
	65
	79
	93
	107
	121
	135


Table 5.3.3-1 in TS 38.101-1: Minimum guardband (kHz) (FR1)
	SCS (kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	35
MHz
	40
MHz
	45
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90
MHz
	100
MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	572.5
	552.5
	712.5
	692.5
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	945
	925
	905
	1065
	1045
	825
	965
	925
	885
	845

	60
	N/A
	1010
	990
	1330
	1310
	1290
	1630
	1610
	1590
	1570
	1530
	1490
	1450
	1410
	1370



Observation 1: the minimum guard band of 30MHz CBW is even larger than that of 40MHz by 40KHz
2.1		RRC reconfiguration failure issue in realistic network
For the scenario 30MHz UE accessing 40MHz network, gNB broadcast system information with 40MHz CBW i.e. the carrierbandwidth in SIB1 is 216PRB for 15KHz SCS. UE access to the network and receive RRC reconfiguration with UE dedicated 30MHz CBW i.e. the carrierbandwidth in ServingCellConfig is 160PRB for 15KHz SCS. From UE side, the first PRB should be aligned with the first RPB of network. Therefore, the guard band of UE is aligned with gNB’s minimum guard band requirements, which is less than 30MHz’s CBW minimum requirements as shown in following figure. 
Observation 2: if n28 UE with 30MHz CBW access the network of 40MHz CBW, practical carrier edge would extend over the lower bound of the band, i.e. less than 758MHz.
[image: ] 
Fig 1, the illustration of RRC reconfiguration failure issue
According to our survey, some UE could perform self-check of the carrier edge but others doesn’t. For the UE that doesn’t perform self-check, it totally trusts the network and assume all gNB’s configuration could guarantee minimum RF requirements. So no self-check is necessary. But for the other UEs they try to further check by themselves and to find out whether the carrier edge extend over the lower/upper bound of the band or not.
Observation 3: there is no specified behaviour of UE self-checking of the carrier edge when it is accessing/has accessed the network. Some UE perform self-checking but others don’t.
There are different UE behaviours, 
· when its carrier edge extends over the lower bound of the band (758MHz), some UEs stop accessing the network with RRC reconfiguration failure, others still stay in RRC_CONNECTED state with degraded UL performance especially for the lowest PRB at carrier edge. 
· when its carrier edge extends over the upper bound of CBW configured to UE (788MHz), but not over the upper bound of band (803MHz), our testing shows UE just stay in RRC_CONNECTED state without RRC reconfiguration failure. But we haven’t tested all the UEs so don’t know all UE’s behaviour. 
Observation 4: there is no specified behavior of UE when its carrier edge extends over lower/upper bound of the band after self-check. For some UE, RRC reconfiguration failure has been declared. For the others, they stay in RRC_CONNECTED states with possible degraded performance of the lowest PRB at carrier edge.
So for such self-checking UEs, it’s better to define unified behaviour rather than leave it for UE implementation.
Proposal 1: it’s necessary to regulate UE’s behaviour when network configured carrier extends over the lower/upper bound of the operation band as defined in 38.101.
[bookmark: _Toc21344372][bookmark: _Toc29801858][bookmark: _Toc29802282][bookmark: _Toc29802907][bookmark: _Toc37251415][bookmark: _Toc45888295][bookmark: _Toc45888894][bookmark: _Toc61367588][bookmark: _Toc61372971][bookmark: _Toc68230919][bookmark: _Toc69084332][bookmark: _Toc75467342][bookmark: _Toc76509364][bookmark: _Toc76718354][bookmark: _Toc83580693][bookmark: _Toc84405202][bookmark: _Toc84413811]2.2		solutions to resolve above issue
We list four potential solutions to help solve above issue.
· Solution 1: UE should follow network configuration and do not declare RRC reconfiguration failure if the configured guard band is smaller than minimum guard band specified in 38.101. Performance of the lowest PRB at carrier edge is allowed.
[image: ]
Fig 2, illustration of solution 1
For solution 1, if all the UE’s behaviours are unified and no RRC reconfiguration failure are declared, the issue could be resolved without any change of spec.
Observation 5: if all the UE’s behaviours are unified and no RRC reconfiguration failure are declared even when carrier edge extend over the band boundary, the issue could be resolved without any change of spec.
· Solution 2: specify new minimum guard band for 30MHz CBW to make it narrower than that of 40MHz CBW. i.e. less than 552.5kHz.
The minimum guard band is calculated based on transmission bandwidth configuration, thus the efficient way to reduce guard band is to enlarge transmission bandwidth configuration by 1PRB from 160PRB to 161PRB for 30MHz with 15kHz SCS. To be compatible with legacy UE, legacy transmission bandwidth configuration should also be retained. Therefore, RAN4 need to define two values for 30MHz with 15kHz SCS. 
Observation 6: RAN4 need to define two transmission bandwidth configurations for n28 30MHz CBW with 15kHz SCS, i.e. 160PRB and 161PRB so that minimum guard band of 30MHz less than that of 40MHz CBW.
For 30MHz, if we improve spectrum utilization from 160PRB to 161PRB, then the minimum guard band is reduced to 502.5kHz. the mapping between PRB and frequency is listed as below.
[image: ]
Fig 3, the illustration of solution 2
As shown in above fig, at UE side, although carrier’s lower edge doesn’t extend over the lower bound of the operation band but the remaining guard band at upper bound is less than the minimum value. According to our testing, UE doesn’t check the upper bound so this solution could resolve the RRC reconfiguration failure issue. But from our understanding, solution 2 is not the best solution because it still breaks the minimum guard band requirements.
Observation 7: solution 2 of increasing spectrum utilization of 30MHz from 160 PRB to 161 PRB still breaks the minimum guard band requirement from UE side at the upper bound. But according to our survey UE doesn’t check the guard band at higher carrier edge. So RRC reconfiguration doesn’t fail.
· Solution 3: shift the guard band of 40MHz CBW by 40kHz (same as minimum guard band of 30MHz) to higher frequency.
For solution 3, the mapping of RB configuration and frequency is listed as below:
[image: ]
Fig 4, illustration of solution 3
For solution 3, we shift the total RB configuration at gNB side by 40kHz to higher frequency and 40MHz use the same minimum guard band requirements as 30MHz CBW, so that the first PRB at UE side is still aligned with that at gNB side. For solution 3, UE could access successfully and will pass the check of RRC reconfiguration. But solution 3 introduce two risks at gNB side.
The first one is that the carrier center frequency is also shifted by 40kHz which results in the unalignment with channel raster because 40kHz is less than 100KHz channel raster. Different from LTE spec, in NR spec, channel raster is not such essential that even when carrier center is not aligned with channel raster, it seems 30MHz UE could also be aligned with network frequency and access the network. 
Observation 8: for solution 3, we shift the guard band of 40MHz by 40kHz to be aligned with 30MHz’s minimum guard band requirement, carrier center is not aligned with channel raster anymore. But it seems the system could still work well even if it is not aligned with the channel raster.
Besides, in future, if UE support 40MHz CBW, we don’t know whether such UE will report failure or not since carrier center is not aligned with channel raster.
Proposal 2: UE’s and gNB’s behaviour need to be specified when carrier center is not aligned with channel raster.
Another risk of solution 3 is that the higher end of carrier will extend outside the required carrier edge, i.e. 798MHz for 40MHz CBW. Remaining guard band at higher carrier edge is less than the minimum value, i.e. 527.5<552.5kHz. We are not sure whether gNB will check such situation and current spec doesn’t regulate gNB’s behaviour when guard band is less than the required minimum value. From our understanding, the last few PRB’s performance at gNB side maybe degraded if gNB doesn’t want to extend over the upper bound and it will start the filter attenuation at last PRB rather than beyond the last PRB.
Proposal 3: it’s necessary to regulate gNB’s behaviour when guard band is less than the minimum value.
· Solution 4: Configure less number of PRBs in UE dedicated CBW, i.e. configure offset to carrier by 1PRB and bandwidth with 159 PRB.
According to TS 38.331, whether the CBW at gNB side or the CBW at UE side, they are indicated by carrierbandwidth in the unit of PRB in system information or in RRC reconfiguration information. For UE dedicated carrierbandwidth, it’s required to be aligned with the maximum transmission configuration. But for system(gNB side) carrierbandwidth, there is no precise requirement of the size of carrierbandwidth as long as it is not larger than 275 and is not less than UE’s maximum transmission bandwidth configuration.
	downlinkChannelBW-PerSCS-List
A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in DownlinkConfigCommon / DownlinkConfigCommonSIB. Network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 [15] and TS 38.101-2 [39]. 
Captured from 38.331



Observation 9: Existing spec only allow network configure channel bandwidth that corresponds to the channel bandwidth values defined in 38.101-1 and 38.101-2.
Solution 4 is to shift the whole PRB configuration of 30MHz CBW by 1 PRB. Very likely to drop the first PRB of 30MHz and let the PRB start from the legacy second PRB, i.e. add offset to carrier by 1PRB. the result is that if we still define carrierbandwidth as 160 PRB for 30MHz with 15kHz SCS, the minimum guard band requirement can’t be guaranteed. One way is to allow reduce UE’s dedicated carrierbandwidth less than specified UE’s transmission bandwidth configuration. e.g. 1PRB less than target value as shown below.
[image: ]
Fig 5 illustration of solution 4
Compared with the other two solutions, solution 4 is more preferred because the update of spec is much smaller.
Proposal 4: if solution 4 is finally adopted, it’s necessary to allow UE’s dedicated CBW configuration less than transmission bandwidth defined in 38.101 and update the TS 38.331 as below: 
	downlinkChannelBW-PerSCS-List
A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in DownlinkConfigCommon / DownlinkConfigCommonSIB. Network only configures channel bandwidth that is not larger than corresponds corresponding to the channel bandwidth values defined in TS 38.101-1 [15] and TS 38.101-2 [39].


For solution 4, its actual spectrum utilization is reduced because several PRB is not used. But for the conformance testing, it’s still suggested to be tested to meet legacy spectrum utilization because when the UE moves/roams to other network it’s still required to meet legacy spectrum utilization. 
Proposal 5: UE has to meet the requirements of next larger CBW compared to configured UE’s dedicated BW (e.g. if 158 PRB is configured, UE shall at least meet requirements of 30MHz CBW) 
Following table shows the summary of all four solutions for RRC reconfiguration fail issue.
	
	Spec impact
	Legacy UE impact
	Cons
	Pros

	Solution 1: UE should follow network configuration and do not declare RRC reconfiguration failure 
	NO
	Not sure how much is the impact
	
	No spec impact. Impact on legacy UE seems small

	Solution 2: specify new minimum guard band for 30MHz CBW to make it narrower than that of 40MHz CBW. i.e. less than 552.5kHz.
	Big impact
	No impact to legacy UE. Legacy UE can be configured with 20MHz CBW.
	The upper bound still exceeds 788MHz.
	

	Solution 3: shift the guard band of 40MHz CBW by 40kHz (same as minimum guard band of 30MHz) to higher frequency.
	gNB’s behaviour need to be specified when carrier center is not aligned with channel raster. 
	No from our observation
	Center frequency is not on the channel raster at gNB side.
	No impact on legacy UE and no issues are observed based on our filed test.

	Solution 4: Configure less number of PRBs in UE dedicated CBW, i.e. configure offset to carrier by 1PRB and bandwidth with 158 PRB.
	Yes. The spec change is small.
	Not sure.
	The actual useable PRBs are reduced.
	Spec impact is small. 



Our preference is solution 2 and solution 4. Solution 2 doesn’t have spec impact and solution 4 only require a little spec change. 
3. Conclusions
In this contribution, we discuss the issues for band n28 found during our field testing with following observation and proposals:
Observation 1: the minimum guard band of 30MHz CBW is even larger than that of 40MHz by 40KHz
Observation 2: if n28 UE with 30MHz CBW access the network of 40MHz CBW, practical carrier edge would extend over the lower bound of the band, i.e. less than 758MHz.
Observation 3: there is no specified behaviour of UE self-checking of the carrier edge when it is accessing/has accessed the network. Some UE perform self-checking but others don’t.
Observation 4: there is no specified behaviour of UE when its carrier edge extends over lower/upper bound of the operation band after self-check. For some UE, RRC reconfiguration failure has been declared. For the others, they stay in RRC_CONNECTED states with possible degraded performance of the lowest PRB at carrier edge.
Observation 5: if all the UE’s behaviours are unified and no RRC reconfiguration failure are declared even when carrier edge extend over the band boundary, the issue could be resolved without any change of spec.
Observation 6: RAN4 needs to define two transmission bandwidth configurations for n28 30MHz CBW with 15kHz SCS, i.e. 160PRB and 161PRB so that minimum guard band of 30MHz less than that of 40MHz CBW.
Observation 7: solution 2 of increasing spectrum utilization of 30MHz from 160 PRB to 161 PRB still breaks the minimum guard band requirement from UE side at the upper bound. But according to our survey UE doesn’t check the guard band at higher carrier edge. So RRC reconfiguration doesn’t fail.
Observation 8: for solution 3, we shift the guard band of 40MHz by 40kHz to be aligned with 30MHz’s minimum guard band requirement, carrier center is not aligned with channel raster anymore. But it seems the system could still work well even if it is not aligned with the channel raster.
Observation 9: Existing spec only allow network configure channel bandwidth that corresponds to the channel bandwidth values defined in 38.101-1 and 38.101-2.
Proposal 1: it’s necessary to regulate UE’s behaviour when network configured carrier extends over the lower/upper bound of the operation band.
Proposal 2: UE’s and gNB’s behaviour need to be specified when carrier center is not aligned with channel raster.
Proposal 3: it’s necessary to regulate gNB’s behaviour when guard band is less than the minimum value.
Proposal 4: if solution 4 is finally adopted, it’s necessary to allow UE’s dedicated CBW configuration less than transmission bandwidth defined in 38.101 and update the TS 38.331 as below: 
	downlinkChannelBW-PerSCS-List
A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in DownlinkConfigCommon / DownlinkConfigCommonSIB. Network only configures channel bandwidth that is not larger than correspondsing to the channel bandwidth values defined in TS 38.101-1 [15] and TS 38.101-2 [39].



Proposal 5: UE has to meet the requirements of next larger CBW compared to configured UE’s dedicated BW (e.g. if 158 PRB is configured, UE shall at least meet requirements of 30MHz CBW) 
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