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1
Introduction
In RAN1 #84b and #85, the working group agreed on general design philosophies of forward compatible design as shown below: 
· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:

· Strive for

· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 

· Blank resources can be used for future use

· Minimizing transmission of always-on signals

· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource

· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered
In this contribution, we plan to use this document to collect feedback from the working group regarding which services should be considered for forward compatibility and the potential solutions. Based on the feedback, we hope to form consensus during the RAN1 #86 and propose a way forward on how to progress prioritize the work.
2
Discussion
In this section, we list new services and scenarios and discuss the how they should be addressed by forward compatibility design. 
• Requirements 

• Design principles

• When to introduce the forward compatibility design

eMBB networks + future URLLC services

	Company
	Response

	Qualcomm
	Req: URLLC requires low latency access with high reliability. 

Design: Envision two service multiplexing approaches: 1. Resources reservation in frequency to avoid eMBB traffic blocking high priority URLLC services; 2. Dynamic time sharing of resources with eMBB. eMBB design should mitigate bursty interference to eMBB due to URLLC traffic in the same cell or neighbor cells, including control signaling and error correction coding.
Time: Multiplexing support should be introduced in R15 to avoid significant legacy UE performance degradation when URLLC is introduced.

	
	

	
	

	
	


eMBB network + future mMTC services

	Company
	Response

	Qualcomm
	Req: mMTC services may have limited channel bandwidth, extended transmissions in time, and stringent battery life requirements. 
Design: Given the extended transmission time of mMTC, TDM solution is not likely for eMBB and mMTC services multiplexing. FDM solution of mMTC should consider potentially different numerology and waveforms. For UL mMTC services with very low receiver SNR, it could also be multiplexed with eMBB in a CDM manner without causing performance degradation to eMBB. eMBB and mMTC could also share some common designs, such as a narrow band SYNC channel and power efficient UL waveform. Benefit of such sharing should be studied.
Time: At least frequency multiplexing support for eMBB/mMTC should be introduced in R15. Power efficient waveform could be design to support both eMBB and mMTC. 

	
	

	
	

	
	


WAN network + future sidelink services

	Company
	Response

	Qualcomm
	Req: Sidelink use cases in NR could expand from D2D, public safety, V2V, V2X to new wearable, mission critical and eMBB extended coverage services. Sidelink requires distributed scheduling, interference mitigation and resource allocation. NR side link should support unicast on PHY layer, which implies new feedback design.
Design: Envision dynamic TDM resource sharing between WAN and side link. WAN and SL could potentially coexist on the same time/frequency with sufficient interference mitigation. Distributed interference management between unicast sidelinks is expected to be similar to LBT protocol for unlicensed for dynamic TDD use cases. Consider reusing CSI and interference mitigation signaling for sidelink and WAN.
Time: In R15, dynamic signaling should be introduced to define blank resources for side link. Side link should be taken into account for designing of interference mitigation and CSI feedback for WAN use cases such as unlicensed and dynamic TDD.

	
	

	
	

	
	


eMBB non-standalone (NSA) + standalone (SA)

	Company
	Response

	Qualcomm
	Req: The fundamental difference between non-standalone (NSA) and standalone (SA) operation is the lack of mobility handling such as paging or system information distribution in NSA. The lack of mobility handling could facilitate quick deployment of NSA networks with less functionality.
Design: Envision NSA network to be evolved to SA network in future releases. All NSA channels should be reusable by SA networks. Envision NSA UE to be upgraded to SA UE by adding mobility procedures. 

Time: If NSA air interface is defined ahead of SA in R15, all PHY channels required by SA operation should also be defined in the first phase. This would facilitate SW upgrade of both network and UEs from NSA to SA operation.

	
	

	
	

	
	


eMBB licensed + unlicensed
	Company
	Response

	Qualcomm
	Req: Unlicensed spectrum access would require coexistence mechanisms such as channel sensing time to resolve medium contention. Regulatory requirements may require certain waveform property such as PSD limitation.

Design: NR licensed spectrum design could assume continuous and periodic transmission of any desire signal over the air. Based on the licensed spectrum design, unlicensed operation would require additional channel sensing gap and handshaking signal to resolve medium contention. Unlicensed spectrum regulation may also require signal to be spread over wider bandwidth utilize full device power. Unlicensed spectrum should have CSI/FEC schemes to handle more bursty interference.

Time: Unlicensed access should be supported in the R15 to allow early deployment of NR. At least new frame format, wideband signal, more robust interference mitigation should be designed.

	
	

	
	

	
	


eMBB + Positioning 

	Company
	Response

	Qualcomm
	Req: NR positioning is expected to increase accuracy, lower latency, lower cost, reduce network resources. 
Design: Envision positioning signals to be on-demand for many use cases instead of periodic. Positioning design should expand from synchronous DL-only and UL-only based protocols to potentially allow less stringent synchronization, joint DL-UL RTT measurements, and possibly through side link.  In addition, high accuracy positioning would require wideband signal potentially in unlicensed and mmW bands. 

Time: In R15, dynamic signaling should be introduced to define blank resources for positioning. Other design could be introduced on the need basis.

	
	

	
	

	
	


Other scenarios
	Company
	Response

	Qualcomm
	MBMS could achieve higher efficiency than unicast for some services. Support for MBMS services via unicast and broadcast channels should be considered for NR. Idle mode service should be supported. Shared unicast/MBMS as well as dedicated MBMS carrier should be supported. Both time domain and frequency domain multiplexing of eMBB and MBMS services are possible. 
Time: In R15, blank resource signaling should be enabled for the introduction of MBMS PHY in the future. Future introduction of MBMS-specific numerology should be made possible. 

	
	

	
	

	
	


3
Conclusions 
In this contribution, we provided Qualcomm’s view on forward compatibility requirements, design and timeline for difference service multiplexing scenarios:
· eMBB networks + future URLLC services

· eMBB network + future mMTC services

· WAN network + future side link services

· eMBB non-standalone (NSA) + standalone (SA)

· eMBB licensed + unlicensed

· eMBB + positioning 

· Other scenarios

We would encourage companies to provide additional input in RAN1 #87 to facilitate consensus building on this important topic.
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