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1. Introduction

The following objective is targeted for NR-LTE coexistence at least from RAN1 perspective based on the approved NR WID [1]
	NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];
-
Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.

-
Minimize impact to NR physical layer design to enable this co-existence.

-
No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR

-
No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier


Based on agreements made during study phase, we discuss remaining issues to enable LTE-NR coexistence, particularly focusing on spectrum sharing or coexisting with DL part of LTE component carrier.
2. Potential resource sharing methods for NR-LTE coexistence
It was agreed that NR DL can be transmitted in MBSFN subframes of LTE. To utilize MBSFN subframes of LTE for NR DL transmission, from NR DL transmission perspective, at least the following aspects need to be clarified. 

(1) How to transmit NR downlink control channel and data in LTE MBSFN subframe

(2) Whether and how to support initial access procedure 

For the first case, it is generally understood that it can be realized by adopting reserved resource indication supported in NR. In terms of reserved resource, it should include normal subframe as well as legacy PDCCH region. In terms of legacy PDCCH region, either actual legacy PDCCH region is considered (e.g., by dynamic signaling) or worst case legacy PDCCH region can be considered (e.g., by semi-static signaling). Though dynamic signaling can be considered, it allows at most one additional OFDM symbol usable for NR DL as long as there is no CRS transmission in that symbol (i.e., the number of CRS antenna ports is 1 or 2). On the other hand, from NR control and DM-RS transmission perspective, it can have some implication. For example, if position of DM-RS is semi-statically fixed relative to the starting of slot, if the reserved resource region changes between 1 or 2 OFDM symbols for control region, it may lead two cases: either control region size varies dynamically and DM-RS of data starts right after control region or control region size remains the same (according to the semi-static configuration) and starting of data region may change which can lead data transmission occurs earlier than DM-RS transmission. Moreover, if a UE does not know the starting OFDM symbol of control region, it may need to blindly search both possibilities (starting at 2nd OFDM symbol or 3rd OFDM symbol) which increases UE complexity. Given non-major benefits of dynamic indication of reserved resource whereas possibly high impacts on control channel design, our general preference is to indicate the reserved resource semi-statically for NR DL transmission. 
Proposal 1: When MBSFN subframes of LTE are used for NR DL, from NR UE perspective, semi-static reserved resources are indicated to protect legacy PDCCH region and normal subframes.  

For the second issue, if initial access signals can be accommodated in MBSFN subframes of LTE, it may also support stand-alone operation. Otherwise, it can be considered that NR can operate as a SCell which can allow flexible transmission of initial access signals. 

Besides MBSFN subfarme, we consider that UL subfarme can be used for NR downlink transmission utilizing eIMTA features. When NR downlink transmission occurs in LTE UL subframe, necessary cross-link interference mitigation can be applied (for example reduced power) [2].  

In addition, channel bandwidth reconfiguration can be utilized when LTE and NR share resource with LTE SCell on/off operation. As shown in Fig. 1, after LTE SCell off, NR system bandwidth can be enlarged and the increased bandwidth might be necessary to be signalled to NR UE considering DL control monitoring or scheduled data transmission/reception. Therefore, it seems desirable channel bandwidth reconfiguration can be performed within a similar time scale to LTE SCell on/off (e.g., by MAC CE or RRC signalling).


[image: image1.emf]NR

LTE SCell on

NR

LTE SCell off

Frequency

Frequency


Figure 1. LTE and NR resource sharing for LTE SCell on/off case
For NR stand-alone operation, synchronization signal transmission and RRM measurement should be supported on the carrier shared by NR and LTE. For example, MBSFN and/or TDD UL subframes can be used to transmit synchronization signal and measurement RS for NR and LTE discovery signal might be used for synchronization and measurement additionally.
Proposal 2: Introduce the signalling to configure channel bandwidth monitored by UEs.
There are FFS parts regarding the mechanisms to avoid CRS, PSS/SSS, PBCH, (E)PDCCH. Firstly, to protect CRS, we can consider RE level muting of NR signal as well as OFDM symbol level muting, especially for collocated NR/LTE deployment scenario, since RE level muting of NR signal would be more beneficial in terms of resource efficiency. In this case, it is necessary to indicate muted OFDM symbol or REs with the consideration of LTE DC tone. Additionally, for URLLC support, mini-slot configuration can be determined by excluding CRS OFDM symbols.
Secondly, to protect PSS/SSS, PBCH, (E)PDCCH, we may also need the signalling to indicate the resource used by those signals and channels. However, considering those LTE signals and channels are semi-statically configured, RRC level signalling seems sufficient to avoid them.
Proposal 3: Consider RE level muting of NR signals to avoid CRS if dynamic resource sharing in non-MBSFN subframe is considered. Consider to adopt mini-slot in LTE non-MBSFN subframe if dynamic resource sharing in non-MBSFN subframe is considered.
Observation 2: RRC signalling seems sufficient to indicate the resource used by LTE PSS/SSS, PBCH, and (E)PDCCH.
3. Adjacent frequency band sharing methods

We can study NR-LTE coexistence methods for the case where NR and LTE operate on adjacent frequency band. Considering adjacent carrier interference, it would be desirable to align communication direction between NR and LTE. However, for flexible resource usage, allowing different communication link (e.g., DL for LTE and UL for NR) can be considered. For instance, NR UL transmission can be configured with sufficient guard band from the adjacent LTE carrier used by DL transmission [2]. Moreover, when NR DL transmission with reduced power can be considered to mitigate interference on the adjacent LTE carrier used for UL transmission. 
4. Conclusion
We discussed LTE DL sharing between NR and LTE, and proposed the followings. 
Proposal 1: When MBSFN subframes of LTE are used for NR DL, from NR UE perspective, semi-static reserved resources are indicated to protect legacy PDCCH region and normal subframes.  

Proposal 2: Introduce the signalling to configure channel bandwidth monitored by UEs.
Proposal 3: Consider RE level muting of NR signals to avoid CRS if dynamic resource sharing in non-MBSFN subframe is considered. Consider to adopt mini-slot in LTE non-MBSFN subframe if dynamic resource sharing in non-MBSFN subframe is considered.
Observation 2: RRC signalling seems sufficient to indicate the resource used by LTE PSS/SSS, PBCH, and (E)PDCCH.
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