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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN2 asked RAN1 and RAN4 to provide feedback on whether the replies to the LTE LSs provided by RAN1 (R1-1814411) and RAN4 (R4-1902030, R2-166016) are also applicable to NR for inter-frequency and intra-frequency (both FR1 and FR2), synchronous and asynchronous scenarios. 
Response to questions regarding Simultaneous Connectivity
[bookmark: _GoBack]Based on the following 4 degrees of freedom: Frequency Range (FR1/FR2), Intra/Inter-Frequency operation, Intra/Inter-band operation, Synchronous/Asynchronous deployment, RAN1 concludes the applicability of the LTE LS from RAN1 for the different use-cases (each row in the table below represents a use-case, e.g. the first row is the use-case defined in FR1 with inter-frequency inter-band synchronous operation) in Table 1 with detailed analysis in the Appendix:

[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.

[bookmark: _Ref129681832]Actions to RAN2, RAN4
RAN1 respectfully requests RAN2 to take the above into account.
RAN1 respectfully requests RAN4 to check the above statements and provide additional input.

Date of next TSG-RAN WG1 meetings:
TSG-RAN WG1 Meeting#97,			13th May to 17th May 2019, 				Reno, Nevada, USA.
TSG-RAN WG1 Meeting#98,			26th August to 30th August 2019,			Prague, Czech Republic.

Appendix
FR1 - Inter-frequency inter-band synchronous/asynchronous
	R1-1814411
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. 
R4-1902030
For UEs supporting DL CA, when the UE has spare RX RF resource, it is feasible that UE performs simultaneous reception for inter-frequency synchronous deployment with the same or different bandwidth between the source and target cell, provided that the two frequencies are equivalent to a DL CA band combination supported by the UE.
For UEs supporting UL CA, when the UE has spare TX RF resource, it is feasible that UE performs simultaneous transmission for inter-frequency synchronous deployment with the same or different bandwidth between the source and target cell, provided that the two frequencies are equivalent to a UL CA band combination supported by the UE.



If the UE has dual Tx/Rx RF chains, then simultaneous connectivity may be feasible and the reply in R1-1814411 would be applicable to NR.
If the UE has a single Tx/Rx RF chain, then simultaneous connectivity may not be feasible and the reply in R1-1814411 does not say anything about this case so it is not applicable to NR.
If the UE supports DL/UL CA, then simultaneous connectivity may be feasible and the reply in R1-1814411 would be applicable to NR.
If the UE does not support DL or UL CA, then simultaneous connectivity may not be feasible and the reply in R1-1814411 would not be applicable as the reply mentions that “not all combinations of source/target band may by supported”, i.e. the reply that the UE supports DL/UL CA operation for some combinations of frequency bands.

FR1 - Inter-frequency intra-band synchronous
	R1-1814411
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).
R4-1902030
For UEs supporting DL CA, when the UE has spare RX RF resource, it is feasible that UE performs simultaneous reception for inter-frequency synchronous deployment with the same or different bandwidth between the source and target cell, provided that the two frequencies are equivalent to a DL CA band combination supported by the UE.



If the UE has dual Tx/Rx RF chains, then simultaneous connectivity may be feasible but the reply in R1-1814411 does not specifically mention anything about such UEs.
If the UE has single Tx/Rx RF chain, then simultaneous connectivity may be feasible, the reply in R1-1814411 does not specifically mention anything about such UEs.
If the UE supports DL/UL CA, then simultaneous connectivity may be feasible and the reply in R1-1814411 would be applicable to NR. The conditions outlined for simultaneous transmissions by the LTE LS would also be applicable to NR. 
If the UE does not support DL/UL CA, then simultaneous connectivity may not be feasible and the reply in R1-1814411 would not be applicable because it mentions that feasibility is “at least for UEs supporting intra-band DL/UL CA on frequencies supported for CA serving cells”.

FR1 - Inter-frequency intra-band asynchronous
	R1-1814411
RAN1 has not concluded whether simultaneous Tx and/or Rx can be supported for this case.
R4-1902030
For UEs supporting DL CA, when the UE has spare RX RF resource, it is feasible that UE performs simultaneous reception for inter-frequency inter-band asynchronous deployment with the same or different bandwidth between the source and target cell,  provided that the frequencies are equivalent to a DL CA band combination supported by the UE.
For UEs supporting UL CA, when the UE has spare TX RF resource, it is feasible that UE performs simultaneous transmission for inter-frequency inter-band asynchronous deployment with the same or different bandwidth between the source and target cell, provided that the two frequencies are equivalent to an UL CA band combination supported by the UE.
· The actual transmit timing difference between source and target cells shall be in a certain limit
Simultaneous reception and transmission for inter-frequency intra-band asynchronous deployment are FFS.



Both the replies from RAN1 and RAN4 indicate that there is no clear conclusion regarding simultaneous connectivity feasibility. This is also true in NR as inter-frequency scenario could correspond to intra-band CA operation, therefore the replies in R1-1814411 and R4-1902030 are applicable.

FR1 - Intra-frequency intra-band synchronous
	R1-1814411
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.
R4-1902030
· It is feasible that UE performs simultaneous reception for intra-frequency synchronous deployment with single or dual RF reception chains, when the bandwidth of the source and target cell are the same.
· Single FFT is feasible when the received timing difference is within (CP- margin for multipath propagation) and power difference of the two cells is within certain limits.
· Further investigation on impact and necessity of limiting the power difference
· Power difference is related to the deployment
· Dual FFT 
· At the expense of double complexity for non-CA capable UE
· There would be no extra cost for intra-band CA capable UE
· Some issues may need be further investigated and addressed if needed, e.g., AGC issue.
· RAN4 should consider both single FFT and dual FFT when discussing the requirements in the future.
· It is feasible that UE performs simultaneous transmission for intra-frequency synchronous deployment with single or dual RF transmission chains, when the bandwidth between the source and target cell is the same.
· Simultaneous transmission is feasible if the physical resource between source/target cells is TDMed or FDMed, while the feasibility has not been confirmed yet if the same time and freq physical resource is allocated in source/target cells. 
· When the transmission to the two cells are scheduled in the same subframe,
· For UE with single FFT, UL timing for the two cells shall be the same.
· For UE with single RF, Tx power difference for the two cells shall be in a certain limit.
· When the bandwidth of the source and target cell are different,
· If the bandwidth of the source cell is larger than that of the target cell, simultaneous reception and transmission are feasible.
· If the bandwidth of the source cell is smaller than that of the target cell, simultaneous reception and transmission are feasible if some interruption time is allowed for reconfiguring RF before the initial simultaneous reception/transmission takes place. 
· Note: the conditions under the first two main bullets also applies here.



If the UE has dual Tx/Rx RF chains or single Tx/Rx RF chain, simultaneous connectivity is feasible and the reply in the LTE LS is applicable to NR. Some clarifications specific to NR are needed in order for the LTE LS reply to be totally applicable.
For downlink operation, the LS reply says “at least if source/target bandwidth are the same”, NR defines BWPs and for the LTE LS to apply the source and target cells would have to be using the same DL BWP; if the source and target cells use different BWP sizes, then the LTE RAN4 LS would apply and simultaneous connectivity would still be feasible.
For uplink operation, the LS reply says that “source/target eNB in same PC group”, NR is currently in the process of defining UL Power Control mechanisms for NR-NR DC for FR1 which should cover this case.

FR1 - Intra-frequency intra-band asynchronous
	R1-1814411
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.
R4-1902030
· It is feasible that UE performs simultaneous reception for intra-frequency asynchronous deployment with dual FFT, when the bandwidth between the source and target cell is the same.
· Some issues may need be further investigated and addressed if needed, e.g., AGC issue.
· Further studies on simultaneous transmission for intra-frequency asynchronous deployment shall be performed in RAN4. 
· When the bandwidth of the source and target cell are different,
· If the bandwidth of the source cell is larger than that of the target cell, simultaneous reception is feasible.
· If the bandwidth of the source cell is smaller than that of the target cell, simultaneous reception is feasible if some interruption time is allowed for reconfiguring RF before the initial simultaneous reception takes place. 
· Note: the conditions under the first main bullet also applies here.



The analysis for intra-frequency intra-band synchronous is also applicable for intra-frequency intra-band asynchronous. R1-1814411 and R4-1902030 are applicable to NR, if we also account for how BWP operation is defined between source and target cells.

FR2 – Inter/Intra-frequency Inter/Intra-band synchronous/asynchronous
All the cases for FR2 are specific to NR because LTE was never designed for high-frequency operation. Therefore any discussion of simultaneous connectivity feasibility should take place independently in NR and the LTE LS replies from RAN1 and RAN4 are not applicable.
