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1
Introduction
In RAN2#106 meeting RAN2 got reply LSs from RAN1 [1] and RAN4 [2], but no further agreement were made. Because the same questions has been asked to RAN1 and RAN4 from RAN2 in LTE mobility enhancement WI, so current reply LSs are both based on the former reply LSs [3] and [4]. In this paper we summarize the information from RAN1 and RAN4 to show a whole picture of UE capability analysis of supporting simultaneous transmission/reception, and we also have some suggestions to progress this WI based on these reply LSs.
2
Discussion
Firstly we analyse the original reply LS from RAN4 for LTE, some information about in which scenario and under what conditions it is feasible for UE to support simultaneous transmission/reception has been provided, and these information is summarized as below:

Table 1 Feasibility of simultaneous reception

	
	Intra-frequency
	Inter-frequency

	synchronous
	Feasible but with some restrictions
	Feasible with restriction of DL CA band combination

	asynchronous
	Feasible but with some restrictions
	Inter-band: Feasible with restriction of DL CA band combination

Intra-band: not concluded


Table 2 Feasibility of simultaneous transmission

	
	Intra-frequency
	Inter-frequency

	synchronous
	Feasible but with some restrictions
	Feasible with restriction of UL CA band combination

	asynchronous
	Not concluded
	Inter-band: Feasible with restriction of UL CA band combination

Intra-band: not concluded


From the tables above, we have the following observations:
Observation 1: for inter-frequency asynchronous intra-band scenario, it should be assumed that neither simultaneous transmission nor simultaneous reception can be supported by UE.

Observation 2: for intra-frequency asynchronous scenario, it should be assumed that simultaneous transmission cannot be supported but simultaneous reception can be supported by UE.
Observation 3: except for inter-frequency asynchronous intra-band scenario and intra-frequency asynchronous scenario, it is feasible for UE to support simultaneous transmission/reception.

Although simultaneous transmission/reception is feasible, there are still some restrictions applied to different scenarios. The following figures illustrate the detailed restrictions.
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Figure 1 restriction of simultaneous reception
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Figure 2 restriction of simultaneous transmission

For inter-frequency scenarios, simultaneous transmission/reception is feasible only if the frequencies are equivalent to a UL/DL CA band combination supported by the UE.
Observation 4: For inter-frequency scenarios, simultaneous transmission/reception is feasible only if the frequencies belong to a UL/DL CA band combination supported by the UE.

For intra-frequency scenarios, whether there are one or two RF chains is not critical. But if one RF chain is used, for simultaneous transmission Tx power difference for the two cells shall be in a certain limit. And if the bandwidth of the source cell is smaller than that of the target cell, some interruption time is inevitable in case of one RF chain. So if UE is equipped with two RF chain even for intra-frequency handover scenario, no restriction will be applied. 
Observation 5: for intra-frequency scenarios, if only one RF chain is equipped, limit on Tx power difference and potential interruption time due to bandwidth difference need to be considered.

Observation 6: for intra-frequency scenarios, if two RF chains are equipped, there is no restriction in RF aspect.

From baseband processing perspective, if dual FFTs are equipped, there is no extra limit on simultaneous transmission/reception. But if only one FFT is available, strict limit has to be applied such as for simultaneous UL timing for the two cells shall be the same.
Observation 7: in UE side two FFTs are needed to avoid strict application limit of simultaneous transmission/reception.

With reference to RAN4 reply LS, the current observation regarding handover/SCG change with simultaneous transmission/reception with source and target cells are also applicable for NR in FR1 on conditions that UL waveform (CP-OFDM vs. SC-OFDM) is the same in both serving and target cells, and SCS is the same for SSB and data in both serving and target cells. And based on RAN1 reply LS, RAN1 has not concluded on the feasibility of simultaneous transmission and reception for FR2 cases. And Simultaneous transmission and reception may be feasible for UEs supporting CA/DC between FR1 and FR2.
Based on the analysis above, we can see that simultaneous transmission/reception is feasible in most cases for FR1, but different restrictions apply depending on UE capability, e.g. one/two RF chains and one/two FFTs. So for simplifying the later discussion, we have the following proposals:
Proposal 1: RAN2 to discuss if UE is equipped with two FFTs can be considered as working assumption for intra-frequency handover scenario.

Proposal 2: RAN2 to discuss if UE is equipped with two RF chains can be considered as working assumption for intra-frequency handover scenario.

If the proposals above can be agreed, in intra-frequency synchronous handover scenarios it can be considered that UE can support simultaneous transmission/reception, and in intra-frequency asynchronous handover simultaneous reception can be supported by UE, and no extra restriction need to be applied. In this case we hope to make the further working step clear, we have the following proposals: 
Proposal 3: as the first priority, RAN2 discusses design of protocol stack and data flow considering simultaneous transmission/reception to/from both source eNB and target eNB is supported in UE side.

Proposal 4: as the second priority, RAN2 discusses design of protocol stack and data flow considering simultaneous reception is supported while simultaneous transmission is not supported in UE side.
4
Conclusions
This contribution has summarized RAN4 feedback and the corresponding strategies for RAN2, and we have the following observations:

Observation 1: for inter-frequency asynchronous intra-band scenario, it should be assumed that neither simultaneous transmission nor simultaneous reception can be supported by UE.

Observation 2: for intra-frequency asynchronous scenario, it should be assumed that simultaneous transmission cannot be supported but simultaneous reception can be supported by UE.
Observation 3: except for inter-frequency asynchronous intra-band scenario and intra-frequency asynchronous scenario, it is feasible for UE to support simultaneous transmission/reception.

Observation 4: For inter-frequency scenarios, simultaneous transmission/reception is feasible only if the frequencies belong to a UL/DL CA band combination supported by the UE.

Observation 5: for intra-frequency scenarios, if only one RF chain is equipped, limit on Tx power difference and potential interruption time due to bandwidth difference need to be considered.

Observation 6: for intra-frequency scenarios, if two RF chains are equipped, there is no restriction in RF aspect.

Observation 7: in UE side two FFTs are needed to avoid strict application limit of simultaneous transmission/reception.

And we propose:
Proposal 1: RAN2 to discuss if UE is equipped with two FFTs can be considered as working assumption for intra-frequency handover scenario.

Proposal 2: RAN2 to discuss if UE is equipped with two RF chains can be considered as working assumption for intra-frequency handover scenario.

Proposal 3: as the first priority, RAN2 discusses design of protocol stack and data flow considering simultaneous transmission/reception to/from both source eNB and target eNB is supported in UE side.

Proposal 4: as the second priority, RAN2 discusses design of protocol stack and data flow considering simultaneous reception is supported while simultaneous transmission is not supported in UE side.
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