3GPP TSG-RAN WG4 Meeting #90	R4-1900333
Athens, Greece, 25th Feb – 1st March, 2019


Agenda item:	7.13.1
Source: 	Qualcomm Incorporated
Title: 	Discussion on feasibility pf simultaneous Tx/Rx to reduce mobility interruption in LTE
Document for:	Discussion
Introduction
In RAN2#103bis meeting, an LS [1] was submitted to RAN1 and RAN4 groups to provide 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?


Due to lack of TU for LTE_feMob topic, the discussion on reply to this LS was limited to offline emails. In this paper, we provide our views on the above questions in more details. This paper supersedes source company’s earlier response in RAN1 on this subject [2].
Discussion on Question#1
Inter-frequency:
Simultaneous Rx:
For a UE supporting inter-band inter-frequency DLCA, simultaneous reception is feasible in synchronous case by using more than one Rx chain. Supporting simultaneous reception 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. 
For a UE supporting inter-band inter-frequency DLCA, simultaneous reception may be feasible in asynchronous case by using more than one Rx chain. However, since CA operation is based on synchronicity among CC’s, UE may have to even further reduce its capability compared to synchronous case during HO to support simultaneous reception. 
Simultaneous Rx in intra-band with single Rx chain may be feasible as long as the frequency separation between source and target cells is such that it can be covered with a single RF chain. Dual baseband processing (FFT, tracking loops) is required so additional baseband resources can be obtained by reducing number of CA/bands/MIMO layers. Simultaneous Rx in intra-band with more than a single Rx chain is FFS. 
Same or different BW in source and target cells can be supported. 
Combinations of supported source and target frequencies depend on UE’s CA band combination capabilities.  
Observation 1. Simultaneous Rx for inter-frequency is feasible for synchronous and asynchronous cases for a UE supporting inter-band inter-frequency DLCA using dual Rx chains. Simultaneous Rx in intra-band with a single RF chain is possible in some scenarios. Simultaneous Rx in intra-band with more than a single Rx chain is FFS. Same or different BW in source/target cells can be supported for both intra-band and inter-band scenarios. 

Simultaneous Tx:
For a UE supporting inter-band ULCA and hence having more than 1Tx chain, simultaneous Tx in inter-band is feasible as long as TA difference between source and target eNBs are limited as specified in Section 7.1.2 of TS36.133. 
For a UE supporting intra-band ULCA and hence having 1Tx chain, simultaneous Tx in intra-band synchronous case may be feasible when the source and target cells are in the same TAG. Supporting simultaneous Tx means UE’s “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 layes) during HO. 
Simultaneous Tx with 1Tx chain in intra-band asynchronous case is not feasible. 
Supporting simultaneous Tx in the same UL subframe can necessitate power sharing between source and target cell uplinks and may affect UL coverage. TDM transmission to source and target cell may be desired to address this issue. 
Same or different BW in source and target cells can be supported.
Combinations of supported source and target frequencies depend on UE’s CA capabilities.  
Observation 2. Simultaneous Tx in inter-frequency inter-band is feasible for a UE supporting inter-band ULCA as long as TA difference between source and target eNBs are limited. Simultaneous Tx in intra-band synchronous may be feasible when source/target cells are in the same TAG. Simultaneous Tx in intra-band asynchronous is not feasible. Simultaneous Tx to source and target cells requires power sharing and may impact UL coverage. Same or difference BW in source/target cells can be supported. 

Intra-frequency:
Simultaneous Rx:
In synchronous case, it is feasible to support simultaneous Rx by either sharing a single Rx chain or allocating separate Rx chains for source and target cells. In case of single Rx chain, source and target cell BW must be the same and dual FFT and baseband processing is needed so additional baseband resources can be obtained by reducing number of CA/bands/MIMO layers. 
In case of separate Rx chains, 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. 
In asynchronous case, cross-interference between source and target cells is higher. Like synchronous case, it may be feasible to support simultaneous Rx with single or separate Rx chains. 
Avoiding collision of PDSCH allocation (in time/frequency) between source and target cells is desired to mitigate interference. Moreover, to support simultaneous PDSCH scheduling on source and target cells, network needs to infer proper CQI of target cell based on CQI of source cell plus other metrics (e.g., RSRP difference between source and target cells).
Observation 3. Simultaneous Rx for intra-frequency synchronous and asynchronous cases is feasible by either sharing a single Rx chain or allocating separate Rx chains for source and target cells. In case of single Rx chain, source and target cell BW must be the same and dual FFT and baseband processing is needed. 

Simultaneous Tx:
In synchronous case, it is feasible to support simultaneous Tx by either sharing a single Tx or separate Tx chains as long as PRB resource allocation on source and target cells are FDM’ed. For single Tx scenario, source and target cells should be in the same TAG. With separate Tx chains, limitations on TAG can be relaxed. 
Supporting simultaneous Tx in the same UL subframe can necessitate power sharing between source and target cell uplinks and may affect UL coverage. TDM transmission to source and target cell may be desired to address this issue. 
In asynchronous case, it is not feasible to support simultaneous Tx using a single Tx as UE cannot support heterogenous TA’s. Simultaneous asynchronous Tx also creates self-interference.
Observation 4. Simultaneous Tx for intra-frequency synchronous case is feasible by either sharing a single Tx or separate Tx chains as long as PRB resource allocation on source and target cells are FDM’ed. For single Tx scenario, source and target cells should be in the same TAG. With separate Tx chains, limitations on TAG can be relaxed. In asynchronous case, it is not feasible to support simultaneous Tx using a single Tx as UE cannot support heterogenous TA’s. Simultaneous asynchronous Tx also creates self-interference.

Discussion on Question#2
Requirements in 5.1.2.1.2 of TS 36.133 may serve as a starting point for Rel-16 LTE feMob. However, it is noted that existing requirements for normal HO, RACH-less HO, make-before-break (MBB) HO, and combination of RACH-less and MBB HO are all defined assuming no simultaneous reception or transmission with source and target cells during HO. Furthermore, for MBB HO or combination of RACH-less and MBB HO, same BW of source and target cells are assumed. Depending on the outcome of discussions in RAN4, a shorter interruption requirement may be introduced in Rel-16 LTE feMob for some scenarios when simultaneous Rx/Tx is agreed to be feasible. It is noted that upper layer (L2, L3) stack interruptions are not considered at all in these requirements. 
Observation 5. Requirements in 5.1.2.1.2 of TS 36.133 may serve as a starting point for Rel-16 LTE feMob. However, these requirements are all defined assuming no simultaneous reception or transmission with source and target cells during HO. Any layer-2 and layer-3 configuration and switching delays are not considered in these requirements.
Conclusions
Observation 1. Simultaneous Rx for inter-frequency is feasible for synchronous and asynchronous cases for a UE supporting inter-band inter-frequency DLCA using dual Rx chains. Simultaneous Rx in intra-band with a single RF chain is possible in some scenarios. Simultaneous Rx in intra-band with more than a single Rx chain is FFS. Same or different BW in source/target cells can be supported for both intra-band and inter-band scenarios. 
Observation 2. Simultaneous Tx in inter-frequency inter-band is feasible for a UE supporting inter-band ULCA as long as TA difference between source and target eNBs are limited. Simultaneous Tx in intra-band synchronous may be feasible when source/target cells are in the same TAG. Simultaneous Tx in intra-band asynchronous is not feasible. Simultaneous Tx to source and target cells requires power sharing and may impact UL coverage. Same or difference BW in source/target cells can be supported. 
Observation 3. Simultaneous Rx for intra-frequency synchronous and asynchronous cases is feasible by either sharing a single Rx chain or allocating separate Rx chains for source and target cells. In case of single Rx chain, source and target cell BW must be the same and dual FFT and baseband processing is needed. 
Observation 4. Simultaneous Tx for intra-frequency synchronous case is feasible by either sharing a single Tx or separate Tx chains as long as PRB resource allocation on source and target cells are FDM’ed. For single Tx scenario, source and target cells should be in the same TAG. With separate Tx chains, limitations on TAG can be relaxed. In asynchronous case, it is not feasible to support simultaneous Tx using a single Tx as UE cannot support heterogenous TA’s. Simultaneous asynchronous Tx also creates self-interference.
Observation 5. Requirements in 5.1.2.1.2 of TS 36.133 may serve as a starting point for Rel-16 LTE feMob. However, these requirements are all defined assuming no simultaneous reception or transmission with source and target cells during HO. Any layer-2 and layer-3 configuration and switching delays are not considered in these requirements.
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