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1. Introduction 
During RAN2#105, reply LS was received from RAN4 in [3] and following is high level summary:
· Regarding Intra-frequency synchronous,

· 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.

· Regarding Intra-frequency asynchronous,
· 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.

· Regarding Inter-frequency synchronous,

· 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.
· Regarding Inter-frequency asynchronous,

· 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.
During RAN2#105, following is agreement.
The detailed assumptions of simultaneous transmission/reception for the solutions depend on the feedback from RAN1 and RAN4 (i.e. response to R2-1815706). RAN2 shall continue working based on the received LS replies.

In this document, we will discuss about what are RF chain requirement for UEs to enable simultaneous transmission and reception with source and target eNBs during enhanced MBB HO execution phase for minimizing HO interruption time close to 0ms.  
2. Discussion 

In order to meet user plane service interruption time as close as possible to “0ms” and to improve the HO reliability and robustness, during RAN2#104 following agreement was made

Agreements

1
We aim to consider some form of multiple connectivity during study phase depending on RAN4 reply on applicability to different scenarios.

During RAN2#105, RAN2 received reply LS from both RAN1 [2] and RAN4 [3]. As per RAN4 LS reply, it is possible to support simultaneous transmission and reception in most of the scenarios as highlighted in green colour in section 1. 

Based on RAN4 [3] LS reply, it seems RAN4 needs further study for following 2 cases about feasibility of simultaneous transmission and reception.

· Simultaneous transmission for intra-frequency asynchronous deployment
· Simultaneous reception and transmission for inter-frequency intra-band asynchronous deployment are FFS.
In order to meet close to 0ms HO interruption time, it is desirable to have minimum interruption at RF level, Layer 1, Layer 2 and Layer 3 of protocol stack architecture. Dual protocol and dual active stack UEs will help to minimize interruption at L1, L2 and L3 level for enhanced MBB HO Architecture as discussed in another document [4]. From UE RF chain perspective, following 3 configurations are possible.
· Dual Rx/ Dual Tx RF chains

· Dual Rx/Single Tx RF chains
· Single Rx/Single Tx RF chains

Observation 1. Close to “0 ms” interruption time during HO requires the UE to simultaneously maintain the link to both source and target eNBs during HO execution period.
Dual Rx/ Dual Tx RF chain UEs: It is possible to support simultaneous transmission and simultaneous reception in majority of the scenarios as indicated by RAN4 reply LS [3]. Due to support of Dual Rx/Dual Tx dedicated RF chains, each RF chain can be dedicated to source and target cell during HO execution period and no need of switching/sharing RF chains between source and target cells. It also avoids UE RF chain switching design complexity and helps to reduce interruption time. Thus, making it possible to simultaneously transmit and receive from both source and target cells during HO execution period to meet the goal of minimizing HO interruption time close to 0ms. 
In cases where simultaneous transmission and simultaneous reception may not be possible (still RAN4 is studying these scenarios FFS), RAN2 need to consider alternative enhancements like introducing TDM pattern or network-based scheduling co-ordination to avoid simultaneous DL and UL scheduling in same TTI (between source and target eNBs during HO execution period). TDM pattern (if introduced) can be used to solve the cases that RAN4 deemed as unfeasible for UEs supporting dual Tx/Rx (e.g. inter-frequency intra-band async). Even if TDM pattern is introduced for handling these specific scenarios, UE capable of Dual Rx and Dual Tx RF chains can transmit and receive with source and target eNBs in designated TTIs (as per TDM pattern given to UE) without having RF switching complexity and help minimize HO interruption time. Based on UE RF implementation, it may or may not be possible to support Dual Rx/Dual Tx RF chains in all possible band combinations (Ex; inter frequency-intra band, intra freq etc). We think UE capability to support Dual Rx/Dual Tx RF chains need to be specified per band combination basis.  
Observation 2. UE capability about support of Dual Rx/Dual Tx RF chain needs to be indicated based on per band combinations supported by UE. 
If UEs are capable of supporting DL CA, UL CA, DL MIMO and/or UL MIMO then in some cases it is possible to reduce UE capability during HO procedure to free up some baseband and RF resources and use those resources for simultaneous connection with both source and target cell during HO execution. R10 LTE CA has defined tight timing synchronization requirement between PCell and SCells for CA operation (DL CA has timing sync requirement of 30.26 µs and UL CA has timing sync requirement of 32.47 µs). If CA capable SCell resources are used for sharing between source and target cell, then there is additional requirement for CA UE to support asynchronous operation between source and target cells. This async UE requirement has to be explicitly specified in UE capability per supported band combination for the purpose of eMBB HO. 

In case of async deployment scenarios, network can determine whether a UE supports “close to 0ms” eMBB HO (which needs simultaneous transmission and reception with source and target cells) or not based on whether UE is capable of supporting Async operation in a given band combination and also what is actual timing delta between source and target cells. UE can provide timing delta measurement reporting between neighbour eNB and serving eNB by taking timing delta measurements.  
Dual Rx/ Single Tx RF chain UEs: It is possible to support simultaneous reception in majority of the scenarios as indicated by RAN4 reply LS [3] but simultaneous transmission is not possible in some of the deployment scenarios. Due to support of Dual Rx/Single Tx RF chains, for UL transmission single Tx chain needs to be shared between source and target cell, which imposes UE UL single Tx switching design complexity, switching interruptions and adds additional interruption time for all deployment scenarios. In all deployment scenarios, there is need to have some form of TDM pattern and fast UE Tx switching, which causes increased HO interruption time for all deployment cases. Thus, this UE RF option may cause longer HO interruption time than Dual Rx/Dual Tx UEs. But these Dual Rx/Single Tx devices allow reduced UE Tx hardware requirements and can be useful for low cost devices, which can tolerate additional HO interruption time. 
Single Rx/ Single Tx RF chain UEs: It is not possible to support simultaneous reception and transmission in most of the deployment scenarios as indicated by RAN4 reply LS [3]. Due to support of Single Rx/Single Tx RF chain, for both DL reception and UL transmission single Rx/Tx chain needs to be shared between source and target cell, which imposes even more UE DL & UL single RF chain switching design complexity than Dual Rx/Dual Tx, Dual Rx/Single Tx UEs and adds even more additional interruption time for all deployment scenarios. In all deployment scenarios, there is need to have some form of TDM pattern and UE Tx switching (unable to receive simultaneously in DL also), which causes increased HO interruption time for all deployment cases. Thus, this UE with single Rx/Tx RF chain option does not help to meet the goal of reduced HO interruption time.
Observation 3. For single Rx and single Tx RF chain UEs, it is not possible to have simultaneous transmission and reception with source and target eNBs during HO execution period and there is complex UE RF chain switching design requirement and thus casing increased HO interruption time for all deployment scenarios.  
Proposal 1.   RAN2 agrees to support both Dual Rx/Dual Tx and Dual Rx/Single Tx RF chain UEs as baseline to support simultaneous reception and transmission with both source and target eNBs during HO execution to meet the requirement of reduced HO interruption time close to 0ms. 

Proposal 2.   UE indicates Dual Rx/Dual Tx and Dual Rx/Single Tx RF chain capability per supported band combination.
Proposal 3.   RAN2 agrees to define UE capability of supporting asynchronous deployment scenario per given band combination. 
Proposal 4.   Specify signalling enhancements to allow UE to measure and report timing delta between source and target cells to assist network to determine whether UE can support eMBB HO (requires simultaneous transmission and reception) to support close to 0ms interruption time by using UE async capability and timing delta between source and target cells.

Proposal 5.   In case of eMBB HO, for deployment scenarios where simultaneous transmission is not possible even by supporting dual Tx RF chains (Ex: intra freq, async, RF coex issues etc) or if UE is supporting single Tx RF chain only, RAN2 agrees to specify TDM pattern signalled to UE during HO signalling procedure. 
Proposal 6.   Introduce UE capability about requirement of TDM pattern per band combination to support eMBB HO.
3. Conclusion

In this contribution, we discussed various proposals about how to enhance R16 LTE HO procedures to reduce HO interruption latency close to 0ms. 
Observation 1.
Close to “0 ms” interruption time during HO requires the UE to simultaneously maintain the link to both source and target eNBs during HO execution period.
Observation 2.
UE capability about support of Dual Rx/Dual Tx RF chain needs to be indicated based on per band combinations supported by UE.
Observation 3.
For single Rx and single Tx RF chain UEs, it is not possible to have simultaneous transmission and reception with source and target eNBs during HO execution period and there is complex UE RF chain switching design requirement and thus casing increased HO interruption time for all deployment scenarios.


Proposal 1.
RAN2 agrees to support both Dual Rx/Dual Tx and Dual Rx/Single Tx RF chain UEs as baseline to support simultaneous reception and transmission with both source and target eNBs during HO execution to meet the requirement of reduced HO interruption time close to 0ms.
Proposal 2.
UE indicates Dual Rx/Dual Tx and Dual Rx/Single Tx RF chain capability per supported band combination.
Proposal 3.
RAN2 agrees to define UE capability of supporting asynchronous deployment scenario per given band combination.
Proposal 4.
Specify signalling enhancements to allow UE to measure and report timing delta between source and target cells to assist network to determine whether UE can support eMBB HO (requires simultaneous transmission and reception) to support close to 0ms interruption time by using UE async capability and timing delta between source and target cells.
Proposal 5.
In case of eMBB HO, for deployment scenarios where simultaneous transmission is not possible even by supporting dual Tx RF chains (Ex: intra freq, async, RF coex issues etc) or if UE is supporting single Tx RF chain only, RAN2 agrees to specify TDM pattern signalled to UE during HO signalling procedure.
Proposal 6.
Introduce UE capability about requirement of TDM pattern per band combination to support eMBB HO.
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