[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #86bis                                                     	                                      R1-1609814
Lisbon, Portugal, 10th – 14th October 2016

Source:	Panasonic
Title: 	Multiple access schemes for NR phase 1
Agenda Item:		8.1.1.2
Document for:	Discussion
Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#85, following high level agreement on multiple access schemes were made.
Agreements:
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB
· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment

In addition, in RAN1#86, following high level agreements on multiple access schemes were made.
Agreements:
· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC.

Agreements:
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC

According to the draft agenda in RAN1#86bis [1], to preliminary conclude the multiple access schemes of Phase I is suggested. This contribution provides our views on multiple access schemes for NR Phase 1.
Discussion
Synchronous/scheduling based multiple access
Spectrum efficiency is increased by introducing non-orthogonality. By sharing the same time and frequency resources intentionally by several UEs, there is the potential for enhancing the capacity of multiple access channel and it would be beneficial for all usage cases. On the other hand, before introducing non-orthogonal multiple access schemes, concrete and good design of synchronous/scheduling-based orthogonal multiple access is required as scheduling based non-orthogonal multiple access would rely the scheduling mechanism. We see to have commonality in the high level between scheduling based orthogonal and non-orthogonal multiple access is useful. Then to support scheduling based non-orthogonal multiple access is possible in future phase similar to the introduction of MUST to LTE-Advanced Pro. Therefore, in NR Phase 1, we propose to support synchronous/scheduling-based orthogonal multiple access is focused on and scheduling based non-orthogonal multiple access is deprioritized.
Proposal 1: In order to have commonality between scheduling based orthogonal and non-orthogonal multiple access in future, to support synchronous/scheduling-based orthogonal multiple access is focused on and scheduling based non-orthogonal multiple access is deprioritized in NR Phase 1.

Grant-free based non-orthogonal multiple access
NR interfaces for URLLC should be designed to accommodate the traffic requiring low latency and NR interfaces for mMTC should be designed to efficiently support the small size of data. In order to meet such a requirement, grant-free based non-orthogonal multiple access schemes are useful as they has the potential of reducing the latency by removing or alleviating the timing control and by removing the scheduling grant and of reducing scheduling overhead. In addition, to reduce the latency for eMBB is also useful by improving TCP throughput according to latency reduction study. Considering potential benefit of grant-free based non-orthogonal multiple access on latency reduction, grant-free based non-orthogonal multiple access should be studied although full functional URLLC and mMTC are supported in NR Phase 2 [2] (NR Phase 1 contains “Low Latency, and High Reliability (to enable some URLLC use cases)”). On the other hand, for grant-free non-multiple access, there are several technical aspects required to be studied, resource/signature allocation, collision handling, HARQ mechanism, link adaptation, advanced receiver capabilities, and so on. Taking the available meeting time into account, relatively simplified grant-free based non-orthogonal multiple access should be taken into account. In addition, the latency reduction could also be possible by wider subcarrier spacing with shortened symbol length and/or shortened TTI. If synchronous/scheduling-based orthogonal multiple access satisfy the latency requirements by such techniques relating frame structure, to deprioritize grant-free based non-orthogonal multiple access in the later phase of NR could also be possible.
Proposal 2: Grant-free based non-orthogonal multiple access should be studied to reduce the latency. Relatively simplified grant-free based non-orthogonal multiple access should be taken into account.

On the grant-free mechanism, to study at least following options for grant-free UL transmission was agreed in RAN1#86.
· Opt.1: a UE performs random resource selection
· Opt. 2: a UE’s resource is pre-configured by gNB or pre-determined
Even for Opt.1, grant-free resource which UE can randomly select should be gNB configuration for example by SIB. Then, within the resource, UE performs random resource selection. The randomly selected resource would be the sequence such as spreading/scrambling code and interleaving pattern. 
Note that term “pre-configured” is used for the case other than gNB but application layer in the context of sidelink (D2D). It should not use such usage. Our understanding is pre-configured and configure are same meaning in this context.  
Proposal 3: In grant-free based non-orthogonal multiple access, grant-free resource which UE randomly selects should be gNB configuration and UE performs random resource selection within the resource.

In grant-free based non-orthogonal multiple access, the amount of the collision in the grant-free resource is determined by the amount of allocated resource and the amount of the traffic. It cannot control directly as sudden increase of the traffic could happen. Especially for URLLC usage cases, the collision impacts on the reliability should be avoided. Non-grant-free (non-contention) based resource selection similar to non-contention LTE PRACH procedure does not have collision and then, similar non-grant-free (non-contention) based resource selection should be supported. By allocating different grant-free resource to different UEs, gNB can control the collision considering reliability and spectrum efficiency. Reliability and spectrum efficiency depends on the amount of grant-free resource and number of users in a grant-free resource. If the traffic load is high, collision will occur frequently and then, non-grant-free based resource selection would be better from the efficiency but it degrades the latency. If the traffic load is low, to reserve much grant-free resources is possible and then, grant-free based resource selection would be better with shorter latency. 
Proposal 4: Impact of grant-free based non-orthogonal multiple access to the reliability should be considered at least for URLLC usage case.
Proposal 5: Non-grant-free (non-contention) based resource selection should also be supported as random access procedure.

Conclusion
In this contribution, we discussed multiple access schemes for NR Phase 1 and we have the following proposals:
Proposal 1: In order to have commonality between scheduling based orthogonal and non-orthogonal multiple access in future, to support synchronous/scheduling-based orthogonal multiple access is focused on and scheduling based non-orthogonal multiple access is deprioritized in NR Phase 1.
Proposal 2: Grant-free based non-orthogonal multiple access should be studied to reduce the latency. Relatively simplified grant-free based non-orthogonal multiple access should be taken into account.
Proposal 3: In grant-free based non-orthogonal multiple access, grant-free resource which UE randomly selects should be gNB configuration and UE performs random resource selection within the resource.
Proposal 4: Impact of grant-free based non-orthogonal multiple access to the reliability should be considered at least for URLLC usage case.
Proposal 5: non-grant-free (non-contention) based resource selection should also be supported as random access procedure.

Reference
[1] R1-1608561, “Draft Agenda of RAN1#86bis meeting,” RAN1#86bis
[2] RP-161253, “NR schedule and phases,” RAN Plenary #72
4

2
3GPP
