Page 4

3GPP TSG-RAN WG2 Meeting NR ad-hoc
R2-1700572
Spokane, USA, 17 - 19 January 2017
Agenda item:
3.2.2.5
Source:
Qualcomm Incorporated
Title:
TX/RX Sharing Concurrent RAT operation with LTE/NR for tight interworking
WID/SID:
FS_ NR_newRAT - Release 14

Document for:
Discussion and Decision

1 Introduction

At RAN#71 a study on New Radio (NR) access technology was approved [1]. One of the aspects under consideration is the coexistence of NR with other RATs. We have motivated the need of RX and TX sharing for NR concurrent RAT operation in [2] and [5] respectively. In this contribution, we provide a text proposal based on the discussion in [2] and [5]. It is requested that the text proposal be captured in the TR [3] as some of the relevant use cases may be critical for the EN-DC operation.
In RAN2#96, more considerations about RX and TX sharing were discussed in [6] and [7]. In this contribution, we also try to address the points raised in those papers and give our view.

2 Discussion

In RAN2#94 Nanjing meeting, TX and RX sharing concurrent RAT operation was discussed based on [2] and some companies showed interest in the operation and supported to study the concurrent RAT operation with NR.
Proposal 1: Study the TX/RX sharing concurrent RAT operation with NR
The proponent provided the text proposal of the concurrent RAT operation in section 5 and propose to discuss the TP and capture the agreed TP in the RAN2 TR [3].
Proposal 2: Discuss TP and capture the TP in the RAN2 TR [3]
In RAN2#96, two papers were submitted to give further analysis of TX/RX sharing. In [6], the followings were proposed for further study and we give our opinion.
Measurement and Mobility Issue:
For multiple-RX cases, measurement and mobility do not impose much concern because additional RX chain is available. In a case where multiple-RX is not possible, which could be due to limited number of RX chains or the desired RX chain is shared with other technologies, the following solutions can be considered:

· Idle + idle (dual camping case): LTE and NR share single RX for measurement during their own DRX wake-up cycle. Network may assist to separate their DRX ON duration to avoid collision. For occasional collisions, measurement could be delayed on a RAT but we should not see persistent denial of measurement.
· Connected (NR/LTE) + idle (LTE/NR): In this case, idle tech may periodically take RX chain to monitor page and perform measurement. Network may create gaps in the connected tech to allow the idle tech to perform page/measurement. Idle tech’s wake-up time and duration can be informed to the network, so data interruption on the connected tech is limited.
· Connected (NR) + connected (LTE): network is able to control scheduling to allow both RATs share TX/RX chain, similar to IDC-type behavior.
Implementing a RF chain supporting both LTE and NR

We agree the argument in [6] and we focus on RF chain sharing for sub-6 GHz NR and LTE. For above 6GHz, dedicated RF chain may be needed.

Transition Time

We agree there will be transition delay for TX/RX tuning. However, we consider two aspects:

· With multiple-RX, RX tuning can be avoided;
· Tight network-UE coordination can minimize performance impact. For example, network defines when each tuning starts and ends and how frequent tuning is. UE is also able to report when tuning back from another technology. 
Buffering Issue
We do not see additional challenges compared to today’s UE implementation. 
A few arguments to challenge the TX/RX sharing use case are presented in [7]. However, we believe those arguments do not conflict to single-TX-multiple-RX initiative. One LTE and NR interworking scenario is NR-user plane + LTE-control plane. In this case, single TX solution is beneficial because LTE only occasionally needs TX to maintain in service with network. We could easily identify other use cases where TX is share by two technologies but only one heavily uses it. 
Taking one step back, as mentioned in [5], in multiple-RX scenario, a specific RX chain may not be available from time to time due to co-existence issues. In an initial study, potential NR bands within 3.4 to 3.8GHz may cause 2nd harmonics issue with existing widely deployed LTE band 3 and band 4. From this perspective, RX sharing needs to be handled.  
3 Summary
Proposal 1: Study the TX/RX sharing concurrent RAT operation with NR

Proposal 2: Discuss TP and capture the TP in the RAN2 TR [3]
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5 Annex - Text Proposal

***************************************** begin text **********************************************
12.X
TX/RX Sharing in Concurrent RAT operation
NR Concurrent RAT operation implies two simultaneous active connections with at least one connection being on New Radio. While the benefits and use cases enabled by concurrent RAT operation can be quite attractive, a dual-radio solution for concurrent RAT is expensive both in terms of cost (BOM) and power consumption at the UE. Dual-radio solutions can also lead to in-device coexistence (IDC) issues where the transmitter in the device causes interference with the devices’ receiver. Compared to relatively low received power levels, even a small amount of leakage from the transmit signal to the received signals spectrum can cause severe in-device coexistence issues.

Observation 1: Concurrent RAT operation should not always assume dual-radio based solution at the UE
A solution to overcome some of these issues is to allow the device to not transmit or receive on certain occasions. Such a solution would enable time sharing of the UE’s radio between two concurrent connections addressing some of the cost and power drawbacks of a dual-radio solution. It would also alleviate some of the in-device co-existence issues typical in concurrent RAT operation. Indeed, such a solution was studied and incorporated as part of IDC WI in Rel-11 [Y].

Observation 2: Time sharing of the UE’s radio can alleviate some of the drawbacks of dual-radio based Concurrent RAT operation

It is important that the network be aware of the availability of UE’s radio for transmit and/or receive on a connection to minimize any performance impact from the UE sharing its radio across concurrent RAT’s. For example, if the network transmits data to the UE when the receive chain is not available, it could lead to throughput loss and excessive retransmissions. If the network does not receive channel state information (CSI) from the UE when expected or allocates grants when the UE’s transmit chain is not available, it could also result in performance degradation.

Observation 3: Time sharing of the UE’s radio should be done with network cooperation/knowledge to minimize any throughput loss or other performance impacts
Time sharing of the radio can be further categorized as following:-

· TX sharing: UE’s transmit chain is time shared between multiple simultaneous connections

· RX sharing: UE’s receive chain is time shared between multiple simultaneous connections

To enable and adopt TX/RX sharing based NR concurrent RAT operation, it is important to optimize the sharing efficiency by introducing necessary mechanisms in NR. At the same time, it would be ideal if the design required minimal or no changes on the non-NR RAT. 

Principle 1: NR Concurrent RAT TX/RX sharing design should introduce minimal or no changes on non-NR RAT

There may be scenarios where network side coordination is feasible across concurrent connections, for example, dual-connectivity based NR + NR concurrent operation. However, this may not be always be possible or be cost-effective solution especially if the concurrent connections are on different RAT’s.

Principle 2: NR Concurrent RAT TX/RX sharing should consider both network side coordination as well as no network coordination across concurrent connections depending on scenario

Some of the use cases for NR Concurrent RAT operation are semi-static in nature where the pattern of TX/RX sharing does not change frequently/if at all for the duration of the call. However, within the realm of semi-static TX/RX sharing, a dynamic mechanism is also needed where the TX/RX chain can be switched from one connection to another dynamically and need not follow any particular pattern. For example, such dynamic switching may be needed to support error recovery handling, connection setup etc. on one of the RAT’s.

Principle 3: NR Concurrent RAT TX/RX sharing should allow for both semi-static as well as dynamic TX sharing mechanisms

Finally, for future proofing, it would be desirable to have a design that is as general as possible i.e. agnostic to the non-NR RAT as well as scalable to more than two simultaneous connections

Principle 4: NR Concurrent RAT TX/RX Sharing design should be general, i.e. agnostic to the non-NR RAT and scalable to time sharing of ‘T’ TX/RX chains across ‘N’ connections where T < N
***************************************** next change ********************************************
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