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1 Introduction
RAN2 has sent an LS to RAN4 in [1], on UE capability clarification for simultaneous RxTx for NR. 

In this contribution, we present our thoughts on this. Based on the conclusions in this contribution, we propose a reply LS to be sent to RAN2 as in [3].
2 Simultaneous RxTx capability of the UE 
In RAN4, this has been agreed that: as a baseline for inter-band LTE-NR TDD-TDD and TDD-FDD DC combinations, simultaneous RxTx can be supported based on UE capability. 

2.1 Simultaneous RxTx in LTE

For LTE, non-simultaneous RxTx has been assumed as a baseline for FDD-TDD carrier aggregation combination. This is assumed for both dual UL and single UL as TDD design does not have any RX front end filters which is needed to reject the (FDD) TX blocker. This essentially means that, full flexibility of the FDD UL is not used in a TDD-FDD CA combination, however the operators preferred in many cases since this implies additional insertion loss for TDD and degraded sensitivity. 

Same as TDD-FDD case, non-simultaneous RxTx has been assumed as a baseline for many of the TDD-TDD CA combinations also. Note that, for TDD-TDD CA combinations, this only happens when different UL/DL configuration is used in different TDD bands that are aggregated for the UE.

2.2 Simultaneous RxTx in NR UE
The same problem exists for NR CA or EN-DC if e.g. one CG on FDD and another CG on TDD, or e.g. one CG on one TDD band and another CG on another TDD band.
The understanding in RAN4 is that: the UE capability on simultaneous RxTx for inter-band TDD-TDD and inter-band TDD-FDD combinations depends on several issues: 
· on frequency separation between the bands: when two TDD bands (or the TDD and FDD bands) to be aggregated are close to each other in spectrum, then the UE need additional RX protection filters in TDD band for an UL transmission in the FDD band or the other TDD band, thus, spectrum proximity is one of the reasons.   
· passband widths: bands with large passband widths will cause larger leakage outside its own band, which may mandate the bands to be far apart. 
· Filter design in general: 
· Etc
In general, when UE is not simultaneous RxTx capable, either UL or DL capacity is reduced when different TDD configurations are used in different aggregated carriers. This becomes very evident when more than 2 carriers are aggregated. In TDD-FDD aggregations, the reduction of UL capacity becomes very significant, since the UL in FDD can only be used when TDD carrier(s) can transmit in UL. This will severely reduce UL capacity in FDD carrier(s). 

For LTE-NR aggregations, when different subcarrier spacing is used in different carriers which are aggregated, then without the support of simultaneous RxTx, the UE performance will be degraded even more since the slot timing boundary will be different for LTE and NR (or even between two NR carriers) when different SCS is used.
2.3 Simultaneous RxTx capability in NR SUL operation

It is worth noting here that, in NR, we have a new aggregation mode where SUL is also being considered. If simultaneous RxTx is not mandated for SUL operation, then the efficiency of the UE throughput wil be greatly compromised.

If a TDM scheme is used for SUL transmissions with existing other UL transmissions, then an RX filter is needed on the TDD band to reject the SUL TX, to ensure that DL reception is not impacted due to SUL transmissions. 

Thus, if simultaneous RxTx would not be supported for SUL, then there will be no TDD reception when the SUL is active. This will most likely be a significant penalty in UE DL throughput. If the TDM restriction is added on top of it, then the UE throughput will suffer further, since the UL and DL capacity for different carriers will be severely reduced. 
2.4 Proposal

As seen in the discussions above, in almost all the cases, without having the simultaneous RxTx capability, the UE DL and UL capacity will be severely reduced, this means that the UE throughput will be in general be degraded due to this. 

Thus, it is proposed that RAN4 to consider using RX filters for the TDD band and allow simultaneous RxTx .

Based on the above discussions, we propose the following:

Proposal-1: 
It is preferred to mandate simultaneous RxTx aggregations involving NR carriers. 
3 On RAN2 LS
RAN2 LS provides several options on how to handle the UE capability issue, which are listed below:
· Option-1: One single per UE capability
· Pros: simple UE notification, good from signalling point of view

· Cons: regardless of spectrum separation between bands, simultaneous RxTx will either be used or not used at all. This may cause a situation where even though two aggregated bands a largely apart in spectrum, simultaneous RxTx may not be used due to per UE capability. 

· Option-2: Per UE capability for TDD-TDD combinations and another per UE capability for TDD-FDD combinations

· Pros: simple UE notification, good from signalling point of view

· Cons: Same issue as option 1. 

· Option 3: UE capability per band combination

· Pros: Detailed signalling, thus simultaneous RxTx may be supported for some combinations and not supported for some other combinations

· Cons: Very high signalling load.

3.1 Our proposal:
As we have described in the previous section, without having simultaneous RxTx capabilities, the performance for NR will be degraded and a number of NR features will be meaningless. Thus, it is preferred to have the simultaneous RxTx capability for any NR UE. 
Based on this above, we propose the following: 

Proposal-2:

Define per UE simultaneous RxTx capability for NR UE. 

4 Conclusion
In this contribution, we proposed the following: 

Proposal-1: 
It is preferred to mandate simultaneous RxTx aggregations involving NR carriers. 
Proposal-2:

Define per UE simultaneous RxTx capability for NR UE. 

Based on these proposals, we have proposed a LS response in [3].
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