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1  Introduction 
During RAN4#103-e it was discussed on how to introduce gNB using 40MHz CBW for band n28 as the available spectrum is 703-743MHz for UL and 758-798MHz for DL in China. The challenge arises from the issue that the guard bands are not monotonously increasing with larger CBW but can be narrower as in case of 30MHz and 40MHz CBW. This contribution discusses the aspects of 30MHz UEs accessing a 40MHz network for band n28.
2  Discussion
Several solutions for the 40MHz CBW network have been discussed and summarized in the WF [1]. In the following we would like to provide our point of view and propose a preferred way forward. Our understanding is that a solution shall be suited to accommodate legacy devices which are already in the field as those cannot be updated. 
Observation 1: The adopted solution should be suited for legacy devices as those cannot be updated.
	Solution 1: UE should follow network configuration and do not declare RRC reconfiguration failure


It was found in [2] that certain legacy devices do perform a plausibility check and could quit the connection with RRC reconfiguration failure. Demanding that a UE does not perform any check but fully trusts the network would only be a solution for future devices and is conflicting with the first observation. Additionally, in case of solution 1 it would need to be guaranteed that emission compliance is achieved e.g. by not configuring the lowest RB for UL.
	Solution 1a: RAN4 allow carrier edge extend over duplex edge but not extend over band edge. The 30 MHz channel bandwidth can be shifted by 1 PRB to increase the lower internal GB above 758 MHz, or alternatively, the carrier grid (SIB1) can be shifted by +100 kHz with the PRB 215 blanked if needed (then the internal guard bands for both the 30 MHz and 40 MHz bandwidths are met), but less attractive
Solution 4: Configure less number of PRBs in UE dedicated CBW, i.e. configure offset to carrier by 1PRB and bandwidth with 158 PRB.


Shifting the UE carrier by 1PRB (180kHz) does not comply with the regular channel raster of 100kHz. It has been discussed during the last meeting that it might not be required to strictly follow the specified channel raster. The advantage of this solution is that there would be no specification impact and all changes in carrier shift and scheduling are up to network decision. However, it seems unclear how legacy devices would react and whether a self-check could result into RRC reconfiguration failure. There might also be another issue. As a UE designer expects the channel raster to be 100kHz the equations for deriving the carrier frequency might be simplified to only be suited for the specified rasterization. This could lead to UEs either shifting their carrier frequency by only 100kHz or 200kHz instead of the anticipated 180kHz. Carrier frequency misalignment might lead to reduced data rates or even complete link loss.
	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.


This was already discussed during last meeting. It is not preferred as it would have strong impact on RAN4 specification. It seems impossible to update the minimum guard band as nowadays there should exist hundreds of million devices in the field which implemented the channels and its requirements.
	Solution 3: shift the guard band of 40MHz CBW by 40kHz (same as minimum guard band of 30MHz) to higher frequency.


This solution would be a preferred pick from UE perspective. The impact is on network side as it needs to shift its channel by +40kHz to align it with RBs of 30MHz channel. The UE can use its 30MHz channel without any adaptation and carrier frequency change. Only the BS needs to guarantee its compliance with regulatory emission requirements. This can be achieved by either designing the BS to guarantee DL Tx emission compliance with 40kHz reduced upper guard band or by not scheduling the upper most RB in DL. Making the network compliant might be easier compared to forcing all UEs to be compliant especially when considering the multitude of already existing legacy devices.
Observation 2: UEs which are assigned with 1RB (180kHz) carrier shift might consider this to be an error and drop the link as it is not matching the specified grid. Furthermore, any UE using simplified carrier frequency calculation suited for 100kHz channel raster grid might falsely configure its carrier to 100kHz or 200kHz shift negatively affecting link performance or causing link loss. It might be easier to shift BS carrier frequency instead of UE carrier frequency as it should not have impact on the multitude of legacy devices. 
	Tentative agreement for further check: UE dedicated carrier edge is allowed to extend over the duplexer edge, e.g. 788MHz for n28 30MHz CBW. It’s noted that maximum transmission bandwidth configuration doesn’t extend over the duplexer edge in such case.


Band n28 uses dual duplexer to meet the demanding out-of-band emission requirements. The duplexer divides the total bandwidth of 45MHz into a lower and an upper part. Both parts have an overlapping area and therefore each grant a range of 30MHz for UL/DL. A UE is designed to fit its 30MHz CBW into the dual duplexer range with the expected carrier frequency so that it can compensate the distortions created by the filter flanks. If the UE carrier frequency is shifted by +100kHz or +180kHz then the upper RB might experience increased phase distortion and filter attenuation from the falling filter flank. The total distortions could negatively affect UL and DL performance. If such a scenario would be tested, then this could lead to a compliant UE failing the test requirements. Therefore, we do not prefer to have a final approval on the tentative agreement. To circumvent the issue with the uppermost RB it could be blanked to avoid the decreased performance. Comparing this with solution 3 it seems that the solution 3 would be superior as it has no impact on the UE and even could use all RBs if the BS has good emission performance. Furthermore, the UE can operate on the 100kHz grid. It was mentioned in [2] that future releases might support 40MHz CBW for UEs. We do not see a need for a UE supporting 40MHz CBW. However, even if future UEs would support 40MHz channel the carrier misalignment with channel raster should not be an issue as this exception could be explicitly handled (e.g. with capability signaling) while defining the requirements in a later release.
Observation 3: A UE is designed to fit a 30MHz CBW into the dual duplexer range with respect to the expected carrier frequency so that it can compensate the distortions created by the filter flanks. If the UE carrier frequency is shifted by +100kHz or +180kHz then the upper RB might experience increased phase distortion from the filter ripple and attenuation from the falling filter flank. The total distortions could negatively affect UL and DL performance. If such a scenario would be tested, then this could lead to a compliant UE failing the test requirements.
Observation 4: There should not be a need for a 40MHz UE due to the nature of band 28. Even if future UEs would support 40MHz channel the carrier misalignment with channel raster should not be an issue as the BS misalignment could be explicitly handled while defining the requirements in a later release.
Proposal 1: Do not agree on tentative agreement. Instead adapt a solution which aligns the RBs of the 40MHz channel with the RB locations of the 30MHz channel (e.g. solution 3). This means that the 40MHz BS carrier frequency is shifted by +40kHz to achieve same guard band as defined for 30MHz channel. Dependent on BS emission performance all RBs can be used for UL/DL or the uppermost DL RB might not be scheduled. Such a solution enables the operators to achieve the necessary improvements on their side and might be the easiest solution to accommodate legacy devices. 
There exists another option which would be suited for legacy devices and also would allow the network to make full use of the available 40MHz spectrum. Due to the dual duplexer approach the UE can either transmit and receive on the lower part of the channel which is 30MHz wide or it could transmit and receive on the upper part of the channel which is 10MHz wide in China. Instead of using a 40MHz channel on the network side the gNB could internally use a CA like configuration of 30MHz channel for the lower side and a 10MHz channel for the upper side. The 30MHz and 10MHz channel would align to the specified 100kHz carrier frequency grid. The network would either assign the 30MHz channel or the 10 MHz channel to a UE. On the UE side it would only observe that it is configured to 30MHz channel or to a 10MHz channel. This would allow all UEs (new and legacy) to access the network and would require no changes to the specification. This option would be highly backward compatible and achieves the goals of full spectrum usage without the loss of any UL or DL RB.
Proposal 2: Consider a gNB which uses a CA like configuration of 30MHz channel for the lower side and a 10MHz channel for the upper side. The 30MHz and 10MHz channel would align to the specified 100kHz carrier frequency grid. The network would either assign the 30MHz channel or the 10 MHz channel to a UE. On the UE side it would only observe that it is configured to 30MHz channel or to a 10MHz channel.
3  Conclusions
During RAN4#103-e it was discussed on how to introduce gNB using 40MHz CBW for band n28 as the available spectrum is 703-743MHz for UL and 758-798MHz for DL in China. This contribution discusses the topic and makes the following observations and proposals:
Observation 1: The adopted solution should be suited for legacy devices as those cannot be updated.
Observation 2: UEs which are assigned with 1RB (180kHz) carrier shift might consider this to be an error and drop the link as it is not matching the specified grid. Furthermore, any UE using simplified carrier frequency calculation suited for 100kHz channel raster grid might falsely configure its carrier to 100kHz or 200kHz shift negatively affecting link performance or causing link loss. It might be easier to shift BS carrier frequency instead of UE carrier frequency as it should not have impact on the multitude of legacy devices. 
Observation 3: A UE is designed to fit a 30MHz CBW into the dual duplexer range with respect to the expected carrier frequency so that it can compensate the distortions created by the filter flanks. If the UE carrier frequency is shifted by +100kHz or +180kHz then the upper RB might experience increased phase distortion from the filter ripple and attenuation from the falling filter flank. The total distortions could negatively affect UL and DL performance. If such a scenario would be tested, then this could lead to a compliant UE failing the test requirements.
Observation 4: There should not be a need for a 40MHz UE due to the nature of band 28. Even if future UEs would support 40MHz channel the carrier misalignment with channel raster should not be an issue as the BS misalignment could be explicitly handled while defining the requirements in a later release.
Proposal 1: Do not agree on tentative agreement. Instead adapt a solution which aligns the RBs of the 40MHz channel with the RB locations of the 30MHz channel (e.g. solution 3). This means that the 40MHz BS carrier frequency is shifted by +40kHz to achieve same guard band as defined for 30MHz channel. Dependent on BS emission performance all RBs can be used for UL/DL or the uppermost DL RB might not be scheduled. Such a solution enables the operators to achieve the necessary improvements on their side and might be the easiest solution to accommodate legacy devices. 
Proposal 2: Consider a gNB which uses a CA like configuration of 30MHz channel for the lower side and a 10MHz channel for the upper side. The 30MHz and 10MHz channel would align to the specified 100kHz carrier frequency grid. The network would either assign the 30MHz channel or the 10 MHz channel to a UE. On the UE side it would only observe that it is configured to 30MHz channel or to a 10MHz channel.
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