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1 Introduction
This document is intended to capture input from companies on the following email discussion:
[95-LTE-04]
Email approval on reply LS for interruption time during mobility in LTE until December 13, 2018 (Qualcomm, Alberto)
regarding reply LS to R1-1812106 on simultaneous tx/rx for different cases of handover. The different scenarios are described in the LS as follows:
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


Based on the discussion in the previous meeting, the main differences seem to be regarding inter/intra frequency for same and different bands. If some other aspects are relevant (e.g. sync/async, same/different bandwidth) companies should include them in the input for the corresponding frequency case.

2 Inter frequency – inter band
Feasibility of simultaneous tx/rx for inter-frequency inter-band
	Company
	Input

	Qualcomm
	Rx:
Feasible for UE’s supporting inter-frequency DL CA. Supporting improved interruption during mobility means UE’s “baseband and RF resources” may have to be released to aid HO so UE may need to reduce its capability (e.g., reducing number of CA/bands/MIMO layers) during HO. Same/different BW in source/target cell can be supported.
Tx:
Feasible for inter-band case for UE’s supporting inter-band uplink CA and hence having more than 1 Tx chain.
Supporting improved interruption during mobility means UE’s “resources” would have to be released to aid HO so UE may need to reduce its capability (e.g., reducing number of CA/bands/MIMO layers) during HO. Same/different BW in source/target cell can be supported.

	Intel
	For particular band combination that the UE supports CA, it may be feasible for UE to support simultaneous Tx and Rx. However, it should be noted that not all supported inter-band carrier cases will be supported by the UE utilizing dual RF chains (even if UE has dual RF chains). This would depend on the exact frequency separation of the carriers in different bands and UE capability.

	Huawei, HiSilicon
	· UEs with dual RF chains
· It is feasible for UEs with dual RF chains to perform simultaneous reception in inter-frequency synchronous& asynchronous deployment.
· It is feasible for UEs with dual RF chains to perform simultaneous transmission in inter-frequency synchronous& asynchronous deployment.

· UEs with single RF chain
· It is not feasible for UEs with single RF chain to perform simultaneous reception in inter-frequency synchronous& asynchronous deployment. 
· It is not feasible for UEs with single RF chain to perform simultaneous transmission in inter-frequency synchronous& asynchronous deployment. 





3 Inter frequency – intra band
Feasibility of simultaneous tx/rx for inter-frequency intra-band
	Company
	Input

	Qualcomm
	Rx:
Feasible for UEs supporting intra-band CA, for synchronous reception. For asynchronous, needs further study.
Tx:
For intra-band synchronous case, may be feasible for a UE supporting intra-band UL CA, when the serving/target cell is in the same TAG and under the same PC group. Not supported today for intra-band asynchronous case.

	Intel
	The ability to support simultaneous Tx and Rx for intra-band case may depend on the frequency separation of the two carriers and the capability of the UE. 
For simultaneous Tx in one carrier and Rx in another carrier, in general may not be feasible since there may not be sufficient duplexer gap within the same band.
For simultaneous Tx in one carrier Tx in another carrier, depending on the frequency separation of the carriers (e.g. continuous or non-continous), support of single TAG or multiple TAG for this particular scenario by the UE (e.g. UE capability), support of single Tx chain or dual Tx chain, simultaneous Tx may be feasible. In general, if the UE has dual Tx chains, simultaneous Tx may be feasible.
For simultaneous Rx in one carrier Rx in another carrier, depending on the frequency separation of the carriers (e.g. continuous or non-continous), and link conditions of the two carriers, support of simultaneous Rx may be feasible.

	Huawei, HiSilicon
	· Inter-frequency synchronous deployment
· It is feasible for UEs with single or dual RF chains to perform simultaneous reception in inter-frequency synchronous deployment, when the bandwidths of the source and target cell are the same.
· It is feasible for UEs with single or dual RF chains to perform simultaneous transmission in inter-frequency synchronous deployment. 
· For UEs with single RF chain, UE could perform TDM transmission for uplink, e.g., different HARQ timing, TDM pattern.

· Inter-frequency asynchronous deployment
· It is feasible for UEs with single RF reception chain & dual FFT to perform simultaneous reception for inter-frequency asynchronous deployment.
· It is not feasible for UEs with single RF chain& single FFT to perform simultaneous reception for inter-frequency asynchronous deployment.
· Simultaneous transmission for inter-frequency asynchronous deployment is FFS.




4	Intra frequency
 Feasibility of simultaneous tx/rx for intra-frequency intra-band. 
	Company
	Input

	Qualcomm
	For synchronous deployments, Rx:
Feasible by either sharing a single RF chain or allocating separate RF chain for source/target cell. BW in source/target cell should remain the same to be able to share a single RF chain. When sharing a single RF chain, dual FFT/baseband processing is still needed. AGC or other loops running in RF needs study. UE’s “baseband and/or RF resources” may have to be released to aid HO so UE may need to reduce its capability (e.g., reducing number of CA/bands/MIMO layers) during HO
In both options, avoiding collision of PDSCH allocation (in time/freq) among source/target cells is desired to mitigate interference.
For sync deployments, Tx:
Feasible. For single RF transmit UE’s, source/target cells would need to be in the same sTAG and PC group. Discussion needed (e.g., for conflicting power-control or TDM pattern transmit to source/target cells). UL MIMO capable UE’s may be able to relax same sTAG/PC limitation.
Supporting simultaneous Tx in the same UL subframe may affect UL coverage. TDM-ed transmission to serving and target cell is desirable.

For async deployments, Rx:
Simultaneous reception by sharing the same RF chains across source/target cell is not feasible unless received power difference between source/target cells is limited. May be feasible to implement by allocating separate RF chains to source and target cells, yet the benefit is questionable due to the performance degradation from the asynchronous interference. For single RF receiver UE’s, dual FFT processing is needed. AGC or other loops running in RF needs study. In this case, BW in source/target cell should remain the same. For multi-chain receiver UE’s, it is possible to reuse an Rx chain during HO which means reduced capability (e.g., MIMO layers, CA,…) during HO.

For async deployments, Tx:
UE needs to support heterogenous TA and PC for each cell within a single shared RF, which is not supported today. Simultaneous asynchronous transmission also affects UL coverage loss due to power splitting as well as self interference.


	Intel
	Simultaneous Tx and Rx in the same frequency is generally not feasible regardless of single/dual RF chain support.
Simultaneous Tx in the same frequency may not be possible in case UE has single Tx chain.
For simultaneous Rx in the same frequency may be feasible depending on the link conditions of the two signals. However, the ability to perform simultaneous Rx may require advanced baseband processing capabilities, which not all UEs (in general) would support.

	Huawei, HiSilicon
	· Intra-frequency synchronous deployment
· It is feasible for UEs with single or dual RF chains to perform simultaneous reception in intra-frequency synchronous deployment, when the bandwidth of the source and target cell are the same.
· The dual FFT could include one normal FFT and one Low-Cost FFT
· Some issues (e.g., AGC ) need to be  studied.
· It is feasible for UEs with single or dual RF chains to perform simultaneous transmission in intra-frequency synchronous deployment, when the bandwidth of the source and target cell are the same.
· For UEs with single RF chain, UE could perform TDM transmission for uplink, e.g., different HARQ timing, TDM pattern.

· Intra-frequency asynchronous deployment
· It is feasible for UEs with single RF reception chain and dual FFT to perform simultaneous reception in intra-frequency asynchronous deployment.
· The dual FFT could include one normal FFT and one Low-Cost FFT.
· It is not feasible for UEs with single RF reception chain architecture and single FFT to perform simultaneous reception in intra-frequency asynchronous deployment.
· Simultaneous transmission for intra-frequency asynchronous deployment is FFS.


	Ericsson
	In our view, the intra-frequency asynchronous case is the most useful and important case, and if it cannot be supported the feature becomes significantly less attractive. However, we recognize the concern of UE vendors on increased complexity, e.g. with additional FFT/IFFT and we are open to discussing ways to mitigate this complexity, e.g. by ensuring that CA operation is de-configured or suspended during the procedure.




5	Other comments
	Company
	Input

	Intel
	For all of the cases, feasibility of certain cases or sub-cases will be subject to further RAN4 discussions and requirements.

	Ericsson
	In our view, some of the aspects brought up in some of the answers in this questionnaire, such as interference impacts, AGC aspects and required level of sync accuracy, should preferably be commented on by RAN4 rather than RAN1.




6	Conclusions

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 sameand under some conditions (e.g. received signal power are comparable).
Transmission: Feasible for UEs with single RF chain, and source/target eNB in same PC group and under some conditions (e.g. MTTD is zero or near zero). UEs that have multiple RF chains that can be enabled for this bandmay be able to relax this condition.

Intra-frequency asynchronous
[bookmark: _GoBack]Reception: Feasible for UEs with single RF chain under some conditions (e.g. small received power difference). 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.
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