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Introduction
RAN2 sent an LS [1]with the following questions to RAN1 and RAN4
	1. Overall Description:
During RAN2#103bis meeting, the initial meeting for LTE_feMob WI, various solutions aimed at reducing the interruption time during handover in LTE were considered. As a result of the discussion, RAN2 would like to kindly ask RAN4 and RAN1 to provide their feedback on the following questions:
1) Considering different combinations of TRX chains (e.g. single Tx/Dual Rx, Single TRX, Dual Tx/Dual Rx, etc.) is it feasible to perform simultaneous transmission/reception of various UL & DL physical channels/signals to/from two cells, considering the following aspects:
a. Intra-frequency case
b. Inter-frequency case
c. Synchronous deployment
d. Asynchronous deployment
e. The same or different bandwidth between the source and target cell
2) Should the interruption requirements in 5.1.2.1.2 of TS 36.133 serve as a starting point for Rel-16 LTE_feMob evaluations?
Additionally, RAN2 would like to refer to the liaison statements sent in R4-1706913 and R1-1709809 during NR work item. The feasibility of simultaneous transmission/reception to/from two inter-frequency or intra-frequency cells in asynchronous case was left FFS by RAN4. As this scenario may be potentially applicable also to LTE_feMob work item, we kindly ask RAN4 to consider the feasibility of such scenario. 

2. Actions:
To RAN WG1 and RAN WG4:
ACTION: 	RAN WG2 respectfully asks RAN WG1 and RAN WG4 to provide the answers to Question 1. Additionally, RAN WG4 is respectfully asked to answer Question 2.




Offline discussion took place during RAN4#89 with a view to agreeing a reply LS, however no LS reply was agreed in RAN4#89 and additional time units were requested in RAN4 in RAN#82.
Discussion
Consideration on feasibility
RAN4 needs to discuss the meaning of “feasible” for the purposes of this LS, since our view is that none of these scenarios would be technically totally impossible, and the discussion is really more about how much incremental hardware complexity and additional firmware procedures we can assume it is reasonable for the UE to implement in practice to support simultaneous RX/TX rather than identifying things that could never be done, even with unlimited RF/BB resources and hardware.
Proposal 1: RAN4 discusses how much incremental complexity can be considered feasible for practical mobility enhancement solutions.
Generally, most solutions for simultaneous RX and TX involve reuse of hardware resources (RF, baseband) which are primarily designed for carrier aggregation operation. This seems very reasonable, since mobility enhancement is not likely to be supported if it requires additional hardware which does not also provide some other user benefit not connected to mobility enhancement.
 To simplify the analysis of feasibility, and the discussion on UE capabilities we propose
Proposal 2: The incremental complexity considered feasible is to assume reuse of baseband and RF hardware which is also used for carrier aggregation.
Related to this proposal, one issue which needs to be discussed and understood is to what extent the hardware resources are “spare” from a CA viewpoint during the handover procedure. Considering legacy carrier aggregation (i.e. prior to the euCA work item), SCells are always started in deactivated state. euCA introduced a new state (inactive state) and introduced direct activation. For legacy CA, it can be understood that the UE should not be required to receive from, or transmit to, any SCells from the start of the handover procedure until the handover procedure is completed, at which time MAC CE commands to activate any configured SCells may be sent using the PCell. Since this is an important case, and to facilitate simple analysis, we propose that 
Proposal 3: It is assumed that the UE is not required to receive from, or transmit to any SCells during a handover procedure involving simultaneous RX/TX 
Preliminary discussion – definition of “synchronous/asynchronous”
RAN4 has used different definitions of synchronous and asynchronous timing, depending on the purpose of the syncronisation. Within the context of the RAN2 liaison statement, we take synchronous to mean that the cells are sufficiently well aligned to allow simultaneous transmission / reception with a single FFT. 
We would like to emphasize that within this context, a very high degree of synchronization would be necessary. For example, if we consider a TDD system with cell phase sync requirement (at the basestation antenna) of 3uS and a 600 meter difference in downlink propagation path to the UE from the two sites, this corresponds to a time difference at the UE receiver of 3us+600/c = 5uS which exceeds the normal LTE cyclic prefix.
Considering this rough analysis, even TDD intra-frequency handovers may be asynchronous for the purposes of this discussion, and it should be considered that asynchronous cases will correspond to very common handover scenarios, with synchronous source and target cell handover being much more of a special case (e.g. handover in small cell/indoor deployments etc.).
Observation 1: Insufficient synchronization between source and target cells for simultaneous reception/transmission with a single FFT is a very common case, even in networks that might be regarded as “synchronous” for other purposes.
From this perspective, our view is that procedures for handover based on simultaneous TX/RX must also consider the asynchronous case, and solutions which only work for synchronous cases have a strong risk of being “paper” solutions which are neither implemented by networks (to provide the necessary syncronisation) nor UEs in practice. 
We now turn our attention to the questions asked by RAN2.
Consideration on Q1
Intra-frequency simultaneous synchronous transmission
We consider this feasible with the understanding that synchronous means there would be exactly the same uplink timing at the UE. The UE would need to perform dual pre-FFT processing such as channel encoding, this should be feasible considering the assumption in proposal 3, and encoding is anyway a relatively less complex operation than channel decoding. A similar scenario was earlier indicated feasible for NR by RAN4. Power sharing may need to be considered in RAN4 in case the UE is power limited during the procedure.
Intra-frequency simultaneous synchronous reception
We consider this feasible, as similar scenario was agreed as feasible for NR. Dual post iFFT L1 processing (e.g. channel decoding) required. Under proposal 3, any CA capable UE would have spare baseband processing capability during the handover procedure, since it is not receiving SCells. Related to observation 1, discussion would be beneficial on definition/tolerance of synchronous, at any rate we assume synchronous to mean a transmission time difference in the network << cyclic prefix, such that even with propagation delay, the baseband signal in this scenario can be processed with a single FFT. However, given that we also consider that intra-frequency asynchronous simultaneous reception to be feasible, it may not be necessary to differentiate between sync and async cases. And we would also like to emphasize again that synchronous handover is often a corner case, except if the source and target cell are collocated (e.g. handover between sectors of the same eNB).
One discussion which has taken place in RAN4 offline and for NR is on AGC and interference issues. We note that the legacy UE operating in the handover zone also operates in significant interference conditions. From this perspective, the operating conditions are not significantly changed if the UE is performing simultaneous RX, except that it may be scheduled by either intrafrequency cell. However, it is clear that it is necessary for the downlink signals to be at relatively similar power levels for the UE to successfully receive both signals, and it should be emphasized that the purpose of this enhancement is not to give additional throughput, but rather to give improved handover robustness by allowing the network to schedule the UE from either source or target cell (or both). RAN4 should discuss the expected power offset (UE dynamic range) that could be handled. It is feasible with additional UE implementation and for small receive power offset.
Proposal 4: Intrafrequency synchronous simultaneous reception and transmission are considered feasible. Some RAN4 work will be necessary on requirements.  		
Intra-frequency simultaneous asynchronous transmission
One main difference from the synchronous transmission case is that dual FFT is necessary to generate signals with independent timing. Given proposal 3, any interband CA capable UE should be capable of at least dual FFT and post FFT processing. It could be noted that there may be architectural limitations in some UEs which preclude the outputs of the dual FFTs being applied to the same DAC and RF path, whereas for interband CA it would be applied to different DACs and RF paths. Since we regard intra-frequency asynchronous handover as one of the most important cases, we think it is necessary to address this case if the simultaneous RX/TX handover procedure is to be practically useful.
It will not be feasible to transmit different intra-frequency signals with different RF chain/power amplifiers, so there are also considerations on power control, since the uplink power for both signals can only be changed simultaneously (rather than performing independent power control on slot boundaries). 
Intra-frequency simultaneous asynchronous reception
Dual FFT and post FFT processing is necessary. Given proposal 3, any interband CA capable UE should be capable of at least dual FFT and post FFT processing, and the discussion on architectural aspects is very similar to the asynchronous interfrequency simultaneous TX case. Similarly to the sync case, dual RF chains will not help with any AGC issues, since in case there is a significant difference in received power, one signal is a strong interferer to the other. Both receivers would, at any rate, see the same RF signal. RAN4 should discuss the expected power offset (UE dynamic range) that could be handled. It is feasible with additional UE implementation and for small receive power offset.
Proposal 5: Intrafrequency asynchronous simultaneous reception and transmission are considered feasible. Some RAN4 work will be necessary on requirements.  	
Inter-frequency simultaneous synchronous transmission
This is feasible if UE has “spare” TX chain or TX chain that can be operated with wider BW from 2UL CA/LTE-DC which is not being used. The challenge is to know that there is a spare chain and its capabilities (intraband interfrequency, interband interfequency etc.). Note that RAN2 understanding of inter-frequency handover would be between any pair of carrier frequencies supported by the UE (e.g. intraband adjacent carrier, intra band non-adjacent carrier, arbitrary interband handover).
Since UE capabilities for which cases can be supported could become very complicated, we propose that inter-frequency simultaneous transmission is feasible for bands where the UE also supports the equivalent CA band combination, i.e. if a UE supports at least 2UL CA between two carriers, then it should also be able to support simultaneous transmission of the two frequencies for mobility enhancement purposes. Note the earlier discussion that we assume that SCells are always deactivated or at least inactive during the HO procedure.
Inter-frequency simultaneous synchronous reception
May be feasible if UE has “spare” RX chain or RX chain that can be operated with wider BW from CA/LTE-DC which is not being used. The challenge is to know that there is a spare chain and its capabilities (intraband interfrequency, interband interfrequency etc.).
Similarly to the proposal for simultaneous transmission, to simplify the capabilities we propose that if a UE supports at least 2DL CA between two carriers, then it should also be able to support simultaneous reception of the two frequencies for mobility enhancement purposes. 
Proposal 6: Interfrequency synchronous simultaneous reception and transmission are considered feasible if the UE supports at least 2UL CA between the carriers (simultaneous TX) or 2DL CA between the carriers (simultaneous reception).
Inter-frequency simultaneous asynchronous transmission
The principle difference for this case compared to the synchronous case is that asynchronous transmission is only feasible with dual FFT, whereas intraband carrier aggregation operations may be performed with a single wider bandwidth FFT. In principle, any UE supporting dual uplink interband CA is capable of dual FFT, but we are open to further discussion on whether the dual FFT operation can be applied on the same band, considering typical UE architectures and implementations. 
Similarly to the intrafrequency case, power control may be investigated further for the intraband case.
For the interband case, since separate RF chains/power amplifiers would be assumed for carrier aggregation, then there should be no significant concern on the feasibility, although power sharing between the carriers may need to be discussed in case the UE is power limited (which it is quite likely to be in a handover scenario).
Inter-frequency simultaneous asynchronous reception	
The discussion for simultaneous asynchronous reception is similar to simultaneous transmission, i.e. intraband adjacent channel reception in CA capable UEs may well be performed with a single iFFT and it is therefore further discussion is necessary to understand the feasibility of intraband Inter-frequency simultaneous asynchronous reception. Interband Inter-frequency simultaneous asynchronous reception can be expected to use dual iFFT as a baseline, so it should be feasible for a UE to support interband Inter-frequency simultaneous asynchronous reception on a pair of frequencies which is also a supported CA band.
Unlike the simultaneous transmission case, power control is not an issue for reception, and for AGC there should be no concern at all for interband interfrequency asynchronous simultaneous reception, as there are assumed to be independent RF chains.
Proposal 7: Interfrequency interband asynchronous simultaneous reception and transmission are considered feasible if the UE supports at least 2UL CA between the carriers (simultaneous TX) or 2DL CA between the carriers (simultaneous reception). Open to discussion on interfrequency intraband asynchronous simultaneous reception and transmission due to possible architectural limitations of UEs, although it should in principle be feasible.

Different bandwidth between source and target cell
For solutions based on different transmitter and receiver chains for source and target cell, there is little additional impact if the cells have different bandwidth. At any rate, the source cell and target cell have independent RF chains which can be configured to the bandwidth appropriate for the cell.
For solutions based on a single RX or single TX, it is clear that the RF bandwidth needs to be configured as max(BW source cell, BW target cell). Since the UE was originally transmitting and receiving to/from the source cell, the RF bandwidth will need to be increased if BW target cell>BW source cell. This may result in an interruption, similarly to SCell addition in intraband carrier aggregation. In addition, all of the dual RX/dual TX solutions mentioned above may result in interruptions similarly as intraband noncontiguous/interband carrier aggregation. So, in general, interruptions for all the cases would need to be discussed and agreed in RAN. Hence, the interruption requirements are work that would need to be done in RAN4, rather than any fundamental additional limitation on feasibility.
Proposal 8: Different bandwidth between source and target cell does not change the basic analysis on feasibility
Consideration on Q2
We have the understanding that Q2 is not really related to Q1, and the interruption requirements in various subsections of section 5.1. are hence valid as a baseline for handover performance using legacy procedures, including normal, make before break and RACHless handover for E-UTRA FDD and E-UTRA TDD. 
If new procedures based on simultaneous transmission/reception are specified (related to Q1) these will also most likely result in interruptions in some cases, which are more similar to those expected from the CA/DC interruption framework. The detailed work would need to be done by RAN4 to understand these.
Proposal 9: RAN4 needs to evaluate interruption impact for all scenarios.
Summary of proposals
Since there are many cases, we summarize the proposals and potential RAN4 internal issues for further work in table 1.
	Scenario
	Feasibility
	Potential RAN4 internal issues

	Intrafrequency synchronous simultaneous TX
	Feasible
	UL power sharing when power limited, interruptions interruptions

	Intrafrequency synchronous simultaneous RX
	Feasible
	Maximum power imbalance between downlink signals for simultaneous reception, interruptions

	Intrafrequency asynchronous simultaneous TX
	Feasible with dual FFT reusing UL CA baseband hardware for UL CA capable UEs.
	UL power sharing, interruptions

	Intrafrequency asynchronous simultaneous RX
	Feasible with dual iFFT reusing DL CA baseband hardware for DL CA capable UEs
	UL power sharing, interruptions

	Intraband interfrequency synchronous simultaneous TX
	Feasible for UL CA capable UEs on supported UL CA bands
	UL power sharing when power limited, interruptions

	Intraband interfrequency synchronous simultaneous RX
	Feasible for DL CA capable UEs on supported DL CA bands
	Maximum power imbalance between downlink signals for simultaneous reception, interruptions

	Intraband interfrequency asynchronous simultaneous TX
	In principle feasible with dual FFT reusing UL CA baseband hardware for UL CA capable UEs. UE architecture may be further discussed.
	TBD

	Intraband interfrequency asynchronous simultaneous RX
	In principle feasible with dual iFFT reusing DL CA baseband hardware for DL CA capable UEs. UE architecture may be further discussed.
	TBD

	Interband interfrequency synchronous simultaneous TX
	Feasible for UL CA capable UEs on supported UL CA bands
	UL power sharing when power limited, interruptions

	Interband interfrequency synchronous simultaneous RX
	Feasible for DL CA capable UEs on supported DL CA bands
	Interruptions

	Interband interfrequency asynchronous simultaneous TX
	Feasible for UL CA capable UEs on supported UL CA bands
	UL power sharing when power limited, interruptions

	Interband interfrequency asynchronous simultaneous RX
	Feasible for DL CA capable UEs on supported DL CA bands
	Interruptions


Table 1: Summary of proposals 1-9 and RAN4 internal issues
Conclusions
In this paper we discuss the RAN2 liaison on simultaneous reception and transmission and propose
Proposal 1: RAN4 discusses how much incremental complexity can be considered feasible for practical mobility enhancement solutions.
Proposal 2: The incremental complexity considered feasible is to assume reuse of baseband and RF hardware which is also used for carrier aggregation.
Proposal 3: It is assumed that the UE is not required to receive from, or transmit to any SCells during a handover procedure involving simultaneous RX/TX 
Proposal 4: Intrafrequency synchronous simultaneous reception and transmission are considered feasible. Some RAN4 work will be necessary on requirements.  		
Proposal 5: Intrafrequency asynchronous simultaneous reception and transmission are considered feasible. Some RAN4 work will be necessary on requirements.  	
Proposal 6: Interfrequency synchronous simultaneous reception and transmission are considered feasible if the UE supports at least 2UL CA between the carriers (simultaneous TX) or 2DL CA between the carriers (simultaneous reception).
Proposal 7: Interfrequency interband asynchronous simultaneous reception and transmission are considered feasible if the UE supports at least 2UL CA between the carriers (simultaneous TX) or 2DL CA between the carriers (simultaneous reception). Open to discussion on interfrequency intraband asynchronous simultaneous reception and transmission due to possible architectural limitations of UEs, although it should in principle be feasible.
Proposal 8: Different bandwidth between source and target cell does not change the basic analysis on feasibility
Proposal 9: RAN4 needs to evaluate interruption impact for all scenarios.
The proposals are also summarized in table format in table 1
	Scenario
	Feasibility
	Potential RAN4 internal issues

	Intrafrequency synchronous simultaneous TX
	Feasible
	UL power sharing when power limited, interruptions interruptions

	Intrafrequency synchronous simultaneous RX
	Feasible
	Maximum power imbalance between downlink signals for simultaneous reception, interruptions

	Intrafrequency asynchronous simultaneous TX
	Feasible with dual FFT reusing UL CA baseband hardware for UL CA capable UEs.
	UL power sharing, interruptions

	Intrafrequency asynchronous simultaneous RX
	Feasible with dual iFFT reusing DL CA baseband hardware for DL CA capable UEs
	UL power sharing, interruptions

	Intraband interfrequency synchronous simultaneous TX
	Feasible for UL CA capable UEs on supported UL CA bands
	UL power sharing when power limited, interruptions

	Intraband interfrequency synchronous simultaneous RX
	Feasible for DL CA capable UEs on supported DL CA bands
	Maximum power imbalance between downlink signals for simultaneous reception, interruptions

	Intraband interfrequency asynchronous simultaneous TX
	In principle feasible with dual FFT reusing UL CA baseband hardware for UL CA capable UEs. UE architecture may be further discussed.
	TBD

	Intraband interfrequency asynchronous simultaneous RX
	In principle feasible with dual iFFT reusing DL CA baseband hardware for DL CA capable UEs. UE architecture may be further discussed.
	TBD

	Interband interfrequency synchronous simultaneous TX
	Feasible for UL CA capable UEs on supported UL CA bands
	UL power sharing when power limited, interruptions

	Interband interfrequency synchronous simultaneous RX
	Feasible for DL CA capable UEs on supported DL CA bands
	Interruptions

	Interband interfrequency asynchronous simultaneous TX
	Feasible for UL CA capable UEs on supported UL CA bands
	UL power sharing when power limited, interruptions

	Interband interfrequency asynchronous simultaneous RX
	Feasible for DL CA capable UEs on supported DL CA bands
	Interruptions


Table 1: Summary of proposals 1-9 and RAN4 internal issues
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