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1      Introduction
The last RAN#76 discussed UE operation that UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers in [1] where the following observation and proposals were made. Note that the document itself was noted and the conclusion was not made.

Observation 1: Despite the challenging NR time schedule, it is important that all impacted RAN WGs are consulted before making decisions on matters with significant impacts on other RAN WGs and their specifications.

Proposal 1: Down-scope the number of NSA architecture options and especially reconsider the architecture option 3A due to its limitation to support 1Tx UEs in LTE-NR UL DC. 
Proposal 2: RAN#76 should decide if 1Tx UEs are only supported for certain problematic band combination or it is generic UE capability
The above 1st observation and the 2nd proposal would impact on the future RAN4 work and specs. In addition, after the RAN#76 there was companion paper of [2] in the RAN4 NR June AH where there were two other documents related with this feature [3-4], although there was no conclusion. 

In this contribution, we share our views on this feature mentioned in terms of the impact of the introduction on NR schedule, a practical approach to make maximum use of it and how the specification should be.
2      Impact on NR schedule
In our understanding, the idea itself is not something new but rather an almost similar idea already discussed when we introduced LTE dual connectivity. Note that the idea proposed in the past was eventually not accepted in RAN2. Since the number of meetings we have for the completion of NR WI is very limited, it is imperative to consider the impact of this feature introduction on NR schedule. For RF, most of the aspects would be able to be covered by the analysis for normal simultaneous transmission for LTE/NR DC for NSA that RAN4 has discussed so far. Hence, what RAN4 would need to do would be how to apply some of the outcomes for the simultaneous transmission to “UE operation on only one of the carriers at a given time among a pair of LTE and NR carriers”. An impact of the introduction on RRM/Demodulation specifications, however, is not clear. Hence it would be helpful for other companies to share the impact before moving on to a detailed discussion on this feature.

Proposal 1: The impact of the introduction of this feature on NR schedule should be assessed not to impact on the original NR schedule before just moving on to a detailed discussion on this feature including RF as well as RRM/Demod. Based on the assessment, how to manage the workload needs to be carefully considered.
3      Practical utilization
Provided that the proposed approach is implemented into UEs and NWs and most of the IMD issues can be avoided although still some of the issues causing significant MSD remain such as harmonics. If the UEs with this feature were allowed not to support simultaneous transmission feature (Normal NSA operation between LTE and NR carriers) at all, the challenges to consider every single MSD due to the IMD for UE implementation design would be mitigated. This, however, means that UEs lose opportunities to transmit simultaneously with two different carriers of LTE and NR even when they are in the location where MSD can be negligible or very small. More specifically, as illustrated in Figure 3-1 and Figure 3-2, when the UEs are causing IMD4 (2f1-2f2), if they are on the middle of the straight line between eNB and gNB, the MSD would be mitigated. As one of other examples, when UEs are causing IMD4 (3f1-1f2) and f1 DL is being impacted, if they are closer to the base station whose frequency is f1, the MSD would become smaller since the power of the carrier of f1 can be smaller and the f1 DL signal becomes larger. An actual impact on reference sensitivity due to IMD depends on the absolute powers of two UL frequencies, its balance, PSD (the number of transmitted RBs and its allocated power) and affected received signal level. Hence the cases illustrated in the Figure 3-1 and 3-2 are not all the case where MSD impact is negligible. Thus, there would be some cases where IMD would not cause significant MSD issues and simultaneous transmission can be made maximum use of.
[image: image1.jpg]Case 1: UE is on the middle of the straight line
between two base stations, the IMD4 (2f1-2f2)
would most like to be smaller than other positions
like case 2.

Case 2: UE is on the middle of two base stations,
the IMD4 (2f1-2f2) would most like to be larger
than that for the case 1.





Figure 3-1: A case where IMD4 (2F1-2f2) impact on MSD would be small

[image: image2.jpg]Case 3: UE is closer to the base station
with f1 on straight line between two
base stations, the IMD4 (3f1-f2) would
most like to be smaller than other
positions like case 4.

Case 4: UE is closer to the base station
with 2 on straight line between two
base stations, the IMD4 (3f1-f2) would
most like to be lager than that for the
case 3.

Note that if the IMD4 impacts on received signal of f2, the MSD of Case 4 may not
be problematicsince the received signal of f2 would be sufficiently large.




Figure 3-2: A case where IMD4 (3F1-f2) impact on MSD would be small.

Hence, allowing for UEs to have only the feature of “UE operation on only one of the carriers at a given time among a pair of LTE and NR carriers” would not be the best selection in terms of system performance perspective.

Proposal 2: A UE with a capability of UE operation on only one of the carriers at a given time among a pair of LTE and NR carriers shall also have a capability of simultaneous transmission between LTE and NR carriers for NSA operation. 
The next step we need to consider is how to make maximum use of UEs dealing with the both above capabilities. More specifically, how, when and what based on should the two features be switched? For example, the following cases would be considered. Note there are some other cases and they are not precluded.
1.  Network decides which (one carrier transmission at a given time, simultaneous transmission or stop DC) should be used based on the report of some kind of information on the signal that UEs are receiving. In this case, 3GPP would roughly have two options.
a) That kind of information is clearly specified in 3GPP but how the network handles it based on network implementation
b) That kind of information and how the network handles it including criteria are clearly specified in 3GPP.

2. UE decides which (one carrier transmission at a given time, simultaneous transmission or stop DC) should be used based on some kind of information and criteria. In this case, 3GPP would also roughly have two options.

a) That kind of information is clearly specified in 3GPP but how the UE handles it based on UE implementation

b) That kind of information and how the UE handles it including criteria are clearly specified in 3GPP..
The details such as what kinds of information for received signal, either of UE or network has the right to decide which feature should be used would be discussed after the impact of the introduction on the NR schedule is not critical and if 3GPP decides its introduction.

Proposal 3: Discuss how to maximize the feature of UEs with two capabilities such as one carrier transmission at a given time and simultaneous transmission from system and UE implementation perspectives after both proposal 1 and 2 are approved. 
4      How the specification should be
If the original intention of the proponents is to avoid complex UE RF design due to the significant number of MSD requirements for certain DC configurations, one possible way for the UE to support both one carrier transmission at a given time and simultaneous transmission would be making the MSD requirements for simultaneous transmission more simplified and/or relaxed for the UE supporting the both features. Although the extent depends on the future discussion, the following aspects could be considered.

A UE supporting both one carrier transmission at a given time and simultaneous transmission features is allowed to have one of the following requirements for simultaneous transmission.

· MSD requirements due to simultaneous transmission are not specified at all.
· MSD requirements due to simultaneous transmission are specified but not tested.
· One or a few of the most stringent MSD requirements is (are) specified and tested.
· The above third bullet requirements are not tested.
· MSD values are more relaxed.
· Other options are not precluded.
Proposal 4: How to mitigate the burden for UEs with two capabilities such as one carrier transmission at a given time, simultaneous transmission to satisfy MSD requirements due to simultaneous transmission shoud be considered. Note that the proposal 4 shall not apply to UEs supporting simultaneous transmission but not supporting time switching feature.
5      Conclusion
In this contribution, we discussed the necessity of the careful consideration on the original NR schedule and a practical utilization approach to make maximum use of it and how the specification should be to address complex IMD requirements due to simultaneous transmission. As a result, we proposed the followings.

Proposal 1: The impact of the introduction of this feature on NR schedule should be assessed not to impact on the original NR schedule before just moving on to a detailed discussion on this feature including RF as well as RRM/Demod. Based on the assessment, how to manage the workload needs to be carefully considered.
Proposal 2: A UE with a capability of UE operation on only one of the carriers at a given time among a pair of LTE and NR carriers shall also have a capability of simultaneous transmission between LTE and NR carriers for NSA operation. 
Proposal 3: Discuss how to maximize the feature of UEs with two capabilities such as one carrier transmission at a given time and simultaneous transmission from system and UE implementation perspectives after both proposal 1 and 2 are approved. 
Proposal 4: How to mitigate the burden for UEs with two capabilities such as one carrier transmission at a given time, simultaneous transmission to satisfy MSD requirements due to simultaneous transmission shoud be considered. Note that the proposal 4 shall not apply to UEs supporting simultaneous transmission but not supporting time switching feature.
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