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1. Introduction
In this contribution, we summarize the discussion on draft reply LS as a response to LS from RAN2 [1].

2. Summary of Discussion for Draft Reply LS

[bookmark: _GoBack]Summary of offline discussion:
The following is the proposed reply LS to RAN2:

RAN1 would like to point out a few key features in NR such as BWP, multiple SCS, multiple waveform in UL, and operation in FR2, may play a critical role in determination of feasibility of simultaneous transmission and receptions, which is different from LTE.
The following table summarize feasibility input from RAN1 on the various deployment scenarios.

	Source Cell Frequency Range
	Target Cell Frequency Range
	Frequency operation 
	Band operation 
	Deployment operation
	Feasibility Input from RAN1

	FR1
	FR1
	Inter-Frequency
	Inter-band
	Synchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR

	FR1
	FR1
	Inter-Frequency
	Inter-band
	Asynchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR

	FR1
	FR1
	Inter-Frequency
	Intra-band
	Synchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR with following additions.

Simultaneous Tx:
If the UEs performs transmission with single Tx chain for this band combination, simultaneous transmission may be only possible if the transmit timing of the two cells is within the MTTD requirement,  and configured with same subcarrier spacing (SCS) and with same uplink waveform (i.e. CP-OFDM or DFT-s-OFDM). For UEs that support different SCS in CA (i.e. supportedSubCarrierSpacingUL capability), simultaneous transmission may be possible even if the SCS of the two cells are different. 

If the UEs performs transmission with dual Tx chains for this band combination, simultaneous transmission may be feasible.

In both single Tx  and dual Tx cases, feasibility of simultaneous transmission will be further subject to power control constraints (e.g., maximum transmit power limits, PSD limits different between the cells, etc).

Simultaneous Rx:
Simultaneous reception from two cell may be feasible if the SCS is the same between the two cells. For UEs that support different SCS in CA (i.e. supportedSubCarrierSpacingDL capability), simultaneous reception may be feasible even if the SCS of the two cells are different.

In addition, BWP configurations of the two cells may play a role in determining feasibility for this case. RAN1 will further investigate on how BWP impacts feasibility for simultaneous transmission and reception.

	FR1
	FR1
	Inter-Frequency
	Intra-band
	Asynchronous
	RAN1 has not concluded on the feasibility of simultaneous transmission and reception for this case.

	FR1
	FR1
	Intra-Frequency
	Intra-band
	Synchronous or Asynchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR when the two cells are configured for the UE with the same SCS, same waveform (i.e. CP-OFDM or DFT-s-OFDM), and same SSB center frequency. It may be possible that some UEs support simultaneous transmission and reception even if two cells are configured with different SCS. 


It should be noted that common PRB grid between the two cells must be aligned in order for simultaneous transmission and reception to be feasible for both synchronous and asynchronous cases. 

In addition, BWP configurations of the two cells may play a role in determining feasibility for this case. RAN1 will further investigate on how BWP impacts feasibility for simultaneous transmission and reception. 

	FR2
	FR2
	Intra-Frequency
	Intra-band
	Synchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is NOT applicable for NR FR2 and RAN1 has not concluded on the feasibility of simultaneous transmission and reception for this case.

	FR2
	FR2
	Inter-Frequency
	Intra-band
	Synchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is NOT applicable for NR FR2 and RAN1 has not concluded on the feasibility of simultaneous transmission and reception for this case.

	FR1
	FR2
	Inter-Frequency
	Inter-band
	-
	Simultaneous transmission and reception may be feasible for UEs supporting CA/DC between FR1 and FR2.

	FR2
	FR1
	
	
	
	



From RAN1 understanding asynchronous TDD in FR1 and asynchronous intra-frequency intra-band or inter-frequency intra-band in FR2 are not currently supported in NR. Additionally, inter-frequency inter-band CA in FR2 is also not currently supported in NR. Therefore, no input on feasibility for these cases are provided.
It should be noted that feasibility of simultaneous transmission and reception for each case mentioned is only possible if the UE supports such band combination as part of CA and/or DC. Additionally, synchronous deployment mentioned above should be understood as in the context of aligned NR SFN and slot timing between two cells. For all scenarios, the feasibility inputs are to be confirmed by RAN4 taking into account aspects such as AGC, PSD/power difference, MPR/A-MPR, carrier frequency separation, etc.
Some UE resources may need to be released in the source gNB (e.g. number of CC/bands/MIMO layers) to support simultaneous Tx/Rx with target gNB.
Lastly, it should be understood that feasibility of simultaneous transmission and reception does not imply that all UEs could support such functionality and is subject to further discussion in RAN1.

RAN1’s previous response to LTE in R2-1900020 (R1-1814411) is copied in the appendix for reference.


Appendix:
Inter-frequency inter-band
· For UEs with dual Tx/Rx chains, it may be feasible to support simultaneous transmission/reception for both synchronous and asynchronous scenarios. Not all combinations of source/target bands may be supported. 
Inter-frequency intra-band synchronous
· Simultaneous reception: Feasible at least for UEs supporting intra-band DL CA on frequencies which would be supported for CA serving cells. 
· Simultaneous transmission: Feasible at least for UEs supporting intra-band UL CA on frequencies which would be supported for CA serving cells, under some conditions (e.g. TAG of source/target CC, power control, contiguous/non-contiguous).
Inter-frequency intra-band asynchronous
· RAN1 has not concluded whether simultaneous Tx and/or Rx can be supported for this case.
Intra-frequency synchronous
· Reception: Feasible for some UEs at least if source/target bandwidth are the same and under some conditions (e.g. condition of received signal power difference between source/target cells).
· Transmission: Feasible for UEs with single RF chain, and source/target eNB in same PC group and under some conditions (e.g. condition of MTTD). UEs that have multiple RF chains that can be enabled for this band may be able to relax this condition.
Intra-frequency asynchronous
· Reception: Feasible for UEs with single RF chain under some conditions (e.g. condition of received power difference between source/target cells). Requires separate FFT/loops with source and target cells.
· Transmission: RAN1 has not concluded whether simultaneous Tx and/or Rx can be supported for this case.

For all scenarios, the above statements are to be confirmed by RAN4 taking into account aspects such as required degrees of synchronization, AGC, power difference, etc. For the cases where simultaneous transmission/reception are not possible, some techniques (e.g. TDM at the physical layer) may be applied to allow for simultaneous connection to source and target cells.
Some UE resources may need to be released in the source eNB (e.g. number of CC/bands/MIMO layers) to support simultaneous tx/rx with target eNB.



(For information purposes and not part of reply LS) Summary of Views from companies on the reply LS:

Views from Huawei [17]

[bookmark: _Ref4766364]Table 1: Summary of RAN1 answers to RAN2’s question
	Frequency Range (FR1; FR2)
	Frequency operation (Inter-Frequency; Intra-Frequency; Any)
	Band operation (Inter-band; Intra-band; Any)
	Deployment operation (Synchronous;
Asynchronous; Any)
	RAN1 answer

	FR1
	Inter-Frequency
	Inter-band
	Synchronous
	LTE LS is applicable

	FR1
	Inter-Frequency
	Inter-band
	Asynchronous
	LTE LS is applicable

	FR1
	Inter-Frequency
	Intra-band
	Synchronous
	LTE LS is applicable 

	FR1
	Inter-Frequency
	Intra-band
	Asynchronous
	LTE LS is applicable

	FR1
	Intra-Frequency
	Intra-band
	Any
	LTE LS is applicable with note(1)

	FR2
	Any
	Any
	Any
	LTE LS is not applicable


Note(1): Intra-frequency operation in FR1 is not clearly defined. There may be some applicable restrictions due to BWP operation. As an example: simultaneous connectivity in intra-frequency operation in FR1 may be possible if the source and target cells were to use the same BWP (e.g. same PointA, carrier frequency, numerology, starting RB and BWP size).
For all scenarios, the above statements are to be confirmed by RAN4 taking into account aspects such as required degrees of synchronization, AGC, power difference, etc. For the cases where simultaneous connectivity is not possible, some techniques (e.g. TDM at the physical layer) could  be applied to allow for simultaneous connection to source and target cells.

View from Samsung [5]
· In principle, it is our understanding that the analysis in [2] is also applicable for NR. On the other hand, following NR specific characteristics would have more implication for the feasibility which require further study:
· Inter-FR mobility
· Mobility across different subcarrier spacing
· Mobility across different/various channel bandwidth
· Mobility in DL/UL multi-beam scenario
· In case of CA/DC capable UE, one RF chain can be allocated for source cell and the other can be allocated for target cell. In other words, this means UE CA/DC capability cannot be fully supported for a source cell.

View from Qualcomm [8]
· For FR1 intra-frequency,
· Synchronous deployment
· Simultaneous Rx is possible for UE with single Rx chain under conditions that received timing difference and power difference between the cells are limited. Source cell active DL BWP contains target cell active DL BWP, and source cell BW contains target cell BW. Furthermore, PSD difference between the cells need further consideration. The simultaneous Rx is also possible for intra-band DLCA capable UE with separate Rx chains.
· Simultaneous Tx is possible for UE with single Tx chain under conditions that the cells have same uplink waveform, are in the same PC group, and have limitations on PSD difference, PRB allocation and MTTD. Furthermore, source cell active UL BWP contains target cell active UL BWP and source cell BW contains target cell BW. The simultaneous Tx is also possible for UL-MIMO capable UE with separate Tx chains with considerations on PSD difference and MPR/A-MPR.
· Asynchronous deployment 
· Simultaneous Rx is possible for DC capable UE with separate Rx chains.
· Simultaneous Tx is not possible for UE with single Tx chain and is FFS for UE with ULCA capability (e.g., MTTD needs to be relaxed which impacts inter-mod IM impairment). 
· Different numerology between source and target cells is not a practical situation to be considered.
· For FR1 inter-frequency intra-band,
· Synchronous deployment
· Simultaneous Rx is possible for UE with single Rx chain if carrier frequency separation and total BW of source and target cells are limited. Furthermore, PSD difference needs further study. With separate Rx chains, it is feasible for a DLCA capable UE if carrier frequency separation is beyond a limit.
· Simultaneous Tx is possible for ULCA capable UE with a single Tx chain under conditions that BWP/CC allocations for the cells are contiguous and same uplink waveform are configured for the cells. Furthermore, MTTD and PSD difference should be restricted. It is also possible for UE with separate Tx chains. Although MTTD can be relaxed with separate Tx chains, PSD difference and MPR/A-MPR need further study.
· Asynchronous deployment
· Simultaneous Rx is not possible for UE with single Rx. It is possible for DC capable UE with separate Rx chains and carrier frequency separation is beyond a limit. 
· Simultaneous Tx is not possible with single Tx chain and is FFS for ULCA capable UE’s. 
· Different numerology between source and target cells is not a practical situation to be considered.
· Combination of supported source and target frequencies depend on UE’s band combination capabilities.  
· For FR1 inter-frequency inter-band,
· Synchronous case
· Simultaneous Rx is feasible for DLCA capable UE with separate Rx chains.
· Simultaneous Tx is feasible for ULCA+mTAG capable UE with separate Tx chains.
· Asynchronous case
· Simultaneous Rx is feasible for DC capable UE with separate Rx chains.
· Simultaneous Tx is feasible for DC capable UE.
· Different or same numerology between source and target cells is possible.
· Combination of supported source and target frequencies depend on UE’s band combination capabilities.  
· For FR2 inter-frequency intra-band or intra-frequency,
· Synchronous deployment is assumed.
· Simultaneous Rx is possible for UE w/ separate Rx chains, multiple antenna panels and Rel.16 multi-TRP capability.
· Simultaneous Tx is under discussion in RAN1.
· Different numerology between source and target cells is not a practical situation to be considered.

View from Mediatek [6]
· Category 1: feasible to support simultaneous Tx/Rx with the source and target cells during HO; (inter-frequency synchronous inter-band/intra-band, inter-frequency asynchronous inter-band and intra-frequency synchronous)
· Category 2: feasible to support simultaneous Rx with the source and target cells during HO; (e.g. intra-frequency asynchronous)
· Category 3: no support of simultaneous Tx/Rx with the source and target cell during HO.  
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