3GPP TSG RAN WG1 Meeting #86bis               
R1-1609229

Lisbon, Portugal 10th - 14th October 2016
Agenda Item:
8.1.1.2
Source: 
LG Electronics

Title: 
NoMA scheme based on NCMA
Document for:
Discussion and decision
1. Introduction

One of challenging KPIs for mMTC is a massive connectivity requirement [1] with 10^6. This is one of the motivations of introducing NoMA in NR. In order to increase the number of connected UEs within a limited amount of resource, we propose NCMA with UE grouping method based on each UE’s RSRP or pathloss. In addition, RAN1 agreed to study NoMA/grant-free MA at least targeting mMT use case [2]. Here, we consider UE grouping in terms of resources for RS(Reference Signal) and UE multiplexing within a group is based on the NCMA, non-orthogonal CDM based on Grassmannian packing[3][4]. Details of NCMA with UE grouping are as follows. 

2. DM-RS staggered NCMA
In this section, we propose NCMA with UE grouping based on DM-RS staggering method. Here, we consider hierarchy in terms of decoding order and UE group with the highest order is assumed to be decoded first at the receiver side. If the receiver is able to decode the highest order UE group and the receiver can decode the next order UE group by cancellation of the highest order UE group, and the receiver can also decode the next order UE group, successively.
In order to provide some aid to decode the first UE group, we consider the RS resource (symbol in the following figure) is to be protected, i.e. RS symbol of the higher order UE group is not used for data transmission of lower order UE groups. This means that higher order UE group has more resource for data transmission than the lower UE group can have. Protection of DM-RS symbol of higher order UE group from lower order UE group enables better channel estimation at the receiver. After decoding of the first UE group, receiver cancels out the decoded signal from the received signal and performs channel estimation of the second order of UE group using the protected DM-RS of the UE group and repeat this process for the next lower order UE group, successively. 
Each UE group has its own DM-RS resource. Each UE group also has different transmission power offset, namely higher order UE group has higher transmission power and the receiver may decode the higher order UE group first and the next order UE group after cancellation of the higher order UE group, successively, using the different received power. eNB may configure multiple UE groups and UE grouping is based on UE geometry or RSRP(Reference Signal Received Power) measurement. If eNB configures 3 UE groups as shown Figure 1 and the exemplary transmission power offset per group is as in Table 1. Transmission power per high order UE group is higher than lower order UE group and the receiver utilizes the power difference among UE groups for SIC, this is a kind of UL power domain NoMA. 
In this scheme, channel estimation is performed using the protected RS but interference is not properly measured. Hence, we consider to have IMR(Interference Measurement Resource) for interference measurement in this scheme. 

It is foreseen that this DM-RS staggered NCMA has some gain in grant-free mode. When eNB configures a UE to a specific UE group, corresponding UE’s initial transmission power is set by the power setting (offset) value per UE group. Multiple groups of UEs share the same time/frequency resource, which we call a “resource pool”, and each UE group has different amount of power resource and DM-RS symbol resource for sharing the resource pool. In other words, there are multiple UE groups (e.g. in terms of DM-RS symbol resource and power resource) and corresponding multiple resource groups. A resource group is defined by the resource a specific UE group uses, e.g. DM-RS symbol and power offset. In other words, a resource group maps to specific UE group in a given resource pool. There are multiple resources (e.g. spreading code) in a resource group. In grant-free mode, multiple resource groups can be assigned per UE and the UE randomly select one resource group and specific resource within the selected resource group. This is expected that it leads to a reduction of hard collision [4] probability, which results in low decoding failure probability. 

Power offset per resource group can be considered as an initial power setting for UEs when the UEs want to use the resource group, especially used for initial transmission. Additional power control mechanism can be considered for every retransmission as briefly explained in [5]. 
The proposed DM-RS staggered NCMA considers different RS resource per resource group, namely each group occupies different OFDM symbol. Each resource group is also assigned different power resource. UE multiplexing within a group is based on NCMA[3][4].
[image: image1.emf]DM-RS symbol

Data symbol

UE 1

UE 2

UE K1

.

.

.

UE 1

UE 2

UE K3

.

.

.

Group 1

Group 2

Group 3

Group 3

Group 1

Null symbol

Figure 1 DM-RS staggered NCMA
Table 1 Exemplary Transmission Power offset per Group
	
	Power offset for Data 

transmission
	DM-RS resource position (symbol index)

	Group #1
	6dB
	0

	Group #2
	3dB
	1

	Group #3
	0dB
	2


3. Conclusions

In this contribution, DM-RS staggered NCMA is discussed as a mean to support massive connectivity by grouping UEs based on each UE’s RSRP or pathloss. Each UE group has different UL transmission power and this is utilized at the receiver in case of multiple UE groups share the same time-frequency resources in order to apply SIC. We propose that: 
Proposal: Consider DM-RS staggered NCMA in order to increase the number of connected UEs within a limited amount of resource. 
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