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Introduction
In last RAN1 meeting, the following agreements are draw [1].
Agreements:
· Channel structure consisting of preamble and data can be considered for supporting the asynchronous transmission:
· Preamble in Rel-15 can be considered as the starting point. 
· Additional components can be included if necessary, e.g., the UL channel for assisting the UE detection or GP.
Agreements:
· Study further the case when a UE is configured with one or more set(s) of MA signature/resource 
· FFS principle for MA signature/resource configuration/selection among MA signature/resource belonging to same/different set(s).
· e.g. different MA signatures/resources may be considered for different TBSs/MCSs/retransmissions/UE grouping/measurements, etc.
· FFS signaling 
· FFS how to handle the collision of MA signature/resource
· FFS the mapping between RS and other MA signatures
In this contribution, the procedure related considerations are discussed, including grant-free transmissions as well as grant-based transmission. 
This is an update of R1-1810851.
Grant free Transmission procedure
For the scenarios like UL mMTC, sporadic transmission of small-size data packets with long intervals would most likely occur. In this case, grant-based transmission might not be so efficient due to the expected huge amount of signaling overhead in comparison with not so huge data load. Accordingly, the grant-free transmission is desirable. 
A grant-free transmission, a.k.a., one shot transmission, from a UE does not require dynamic scheduling grant from gNB and multiple UEs can share the same time and frequency resources. In this case, a UE can start data transmission autonomously using either randomly selected resources or pre-configure/determined resources. Since the gNB does not have any prior information for the occurrence of the transmission, blind detection should be performed by gNB receiver for UE separation/identification.
In the following, the channel structure and the HARQ procedure aspects are discussed for grant free NoMA transmsion. Channel structure 
Based on the above discussions, a grant-free channel structure for NoMA based one-shot transmission scheme is illustrated in Figure 1. In the proposed structure, the front-loaded DMRS + data payload are considered, but the DMRS could be located in between the data payload symbols. Both DMRS and data payload are transmitted in time-frequency resource defined as grant free transmission occasion (GFO).
[image: ]
Fig. 1 Channel structure of a grant free transmission occasion
As stated in [3], the synchronized case is preferred, e.g., in RRC connected state UE. In this case, the CP length of the DMRS and the data symbol could both be the normal CP as now the timing offset will be within the CP. 
In addition to sending some sporadic small-size data , such channel structure could be also applied to the eMBB UE to transmit the scheduling request information to the gNB. In current system, if UE has not PUCCH resource for SR, UE will conduct 4 step RACH for the scheduling request. However, with the one short transmission provide above, the UE could quickly request scheduling grant from network, which could fasten more efficient transmission.
Proposal 1: one short transmission could be considered for UE in RRC connected state.
Resource configuration
The necessary information for one shot grant free transmission such like the DMRS sequence (e.g., sequence type, cyclic shift, TD-OCC, Comb), MA signature, and grant free transmission occasion (GFO) could be configured by gNB via two methods:
a. gNB broadcasts a pool/group of above configurations, so that UE could randomly select one them and apply to the one shot transmission -> UE will do random selection;
b. gNB uses UE-specific signaling to indicate the above configuration, when the data arrives; UE is able to transmit autonomously by “activating” the configuration -> UE will do random activation. 
Note that the DMRS sequence, MA signature or the GFO may have association relationship. For example, one DMRS sequence, one MA signature, and one GFO could combine as a set. So gNB could broadcasts a list of such sets to the UE and any UE could select one set for transmission, or gNB just configures one set to a UE for the potential one-shot transmission. By this way, the complexity at the gNB side could be alleviated. 
From the number of supported user perspective, both methods are similar. But comparing with random selection and random activation, the later may have better control of the contention between UEs who shared the same time-frequency resources. E.g., both methods provide 6 sets of resource, the random selection will always take the risk of UE contention even though the number of UEs who are transmitting at the same time is less than 6; on the contrary, the random activation could be contention free if the number of UEs who are transmitting at the same time is less than 6, thus the gNB has strong control on the potential contention.
Observation 1: random activation is beneficial for controlling the UE contention.
Although the random activation with the pre-configured MA signature seems more attractive for the UE in RRC-connected mode, the UE in RRC-inactive mode can also be considered for simple procedures and low signalling overhead. Since the UE in RRC-inactive mode cannot receive the UE-specific signalling, one possibility is that the DMRS sequence, MA signature, and GFO can be randomly selected from the predefined pools. However, as observed above, even in RRC-inactive mode, the random activation for the above configuration is advantageous over the random selection in terms of controlling the UE contention. To this end, the configuration for UE in RRC-inactive mode can be indicated in UE-specific manner using previous RRC configuration message (such as RRC release or others). Thus, once UE switched to the inactive state, it will use the pre-configured MA signature dedicated to inactive state for the grant free transmission.
Observation 2: UEs in RRC inactive mode can transmit by using random activation.
UE detection & UE identification
Based on the proposed channel structure and possible resource configuration manner, UE is able to transmit the data autonomously. For both random selection and random activation, gNB will have no information how many UE(s) is transmitting and who is transmitting even we consider one shot transmission in RRC connected mode. Thus, the jobs left to gNB are the UE detection as well as UE identification.
DMRS sequence could be used for UE detection. In NR, the DMRS sequence is either ZC sequence or PN sequence, in which both of them could be used for simple energy detection based sequence correlation. This is common for both random selection and random activation.
Proposal 2: DMRS could be considered for UE detection during one shot grant free transmission.
However, when comes to the UE identification. Since UE is not coupled with any DMRS sequence when using random selection mode, gNB cannot tell who is transmitting even it detects one DMRS is being used. Thus, the UE identity like C-RNTI need be included the data payload. On the other hand, due to fact that UE is configured the DMRS by gNB so that gNB has clear information who is transmitting once it detects the corresponding DMRS is being used. Thus the UE identity may not be needed in the data payload. 
Observation 3: the UE identity is not always necessary when UE do random activation.
Proposal 3: UE-specific signalling to indicate the one shot grant free transmission configuration (enabling UE random activation) could be considered.  
Discuss NoMA procedure on grant-based transmissions
Benefits of grant-based NoMA
Grant-based NoMA is supportable for latency-tolerable traffic such as eMBB especially for small data packet. Grant-based NoMA has several remarkable benefits. First, grant-based NoMA can give additional scheduling flexibility using MA signature domain on top of time and frequency resources. Second, time/frequency resources can be utilized more efficiently for grant-based NoMA compared to grant-free NoMA since the semi-statically reserved resources can be minimized by using dynamic resource allocation. Third, NoMA transmission can be further improved in grant-based transmission since the most optimal MA signature can be chosen by the NW and can be indicated to the UEs who share the same time/frequency resources. 
Proposal 4: Grant-based NoMA is supported in Rel-16. 
Dynamic switching between OMA and NOMA
Depending on the network traffic, available operating bandwidth, and requirement of the traffic requested by UE, the NW may choose multiple access scheme between OMA and NoMA. Basically, OMA and NoMA would coexist in a network, in other words, some group of UEs will operate in OMA and other group of UEs will operate in NoMA similar to MU-MIMO. The multiple access scheme will be informed to the UE by the gNB. Considering this use-scenario, it will be also possible to dynamically switch transmission scheme between OMA and NoMA in case of grant-based transmission. The gNB can indicate whether to use NoMA based transmission or not for PUSCH transmission in the scheduling DCI. For example, PUSCH transmission based on NoMA is applicable for eMBB traffic having low BLER target and conventional PUSCH transmission based on OMA can be used for URLLC requiring relatively high BLER target. Based on the scheduling request from the UE, the gNB can dynamically choose one of the transmission schemes between OMA and NoMA.
Proposal 5: Dynamic switching between OMA and NoMA is supported in grant-based NOMA.
Dynamic MA signature allocation
The optimal MA signature may be variable depending on many of system parameters such as the number of shared resources, the number of co-scheduled UEs, MCS, link quality and etc. Taking into account these parameters, the gNB can choose the optimal MA signatures to be used for a number of UEs. Basically, MA signature indicator can be transmitted via UE-specific DCI or group-common DCI. More details on signaling method can be further studied.
Proposal 6: Dynamic MA signature is supported in grant-based NOMA.
Dynamic resource allocation
Some fields in DCI which are common for a number of UEs operated in NoMA can be group casted via group-common DCI to minimize the control signalling overhead. For example, time/frequency resource allocation can be group casted since the UEs operated in NoMA share the same time/frequency resources. Fig. 2 illustrates two options for group-common signalling. Option 1 is based on one-step DCI structure. The fields divided into common part and UE-specific part and CRC is scrambled by GC-RNTI. A UE can blindly decode one GC-DCI scrambled by GC-RNTI for grant for NoMA transmission and whole scheduling information is obtained by combining the information from common part and UE-specific part. Option 2 is based on two-step approach. A UE needs to find two DCIs, the one is GC-DCI scrambled by GC-RNTI and conveying common information and the other one is UE-specific DCI scrambled by C-RNTI and conveying UE-specific information. Specific signalling methods can be further studied.

 
Fig. 2. Example of group-common signalling for grant-based NoMA
Proposal 7: Dynamic resource allocation using group-common DCI is supported in grant-based NOMA.
Conclusion
In this contribution, we discussed the consideration on NoMA procedure on both grant free and grant based transmission. Following observations and proposals were captured as below:
Observation 1: random activation is beneficial for controlling the UE contention.
Observation 2: UEs in RRC inactive mode can transmit by using random activation.
Observation 3: the UE identity is not always necessary when UE do random activation.
Proposal 1: one short transmission could be considered for UE in RRC connected state.
Proposal 2: DMRS could be considered for UE detection during one shot grant free transmission.
Proposal 3: UE-specific signalling to indicate the one shot grant free transmission configuration (enabling UE random activation) could be considered.
Proposal 4: Grant-based NoMA is supported in Rel-16. 
Proposal 5: Dynamic switching between OMA and NoMA is supported in grant-based NOMA.
Proposal 6: Dynamic MA signature is supported in grant-based NOMA.
Proposal 7: Dynamic resource allocation using group-common DCI is supported in grant-based NOMA.
References
Chairman’s Note of 3GPP TSG RAN WG1 #94bis, 2018 Oct, Chengdu, China.

image2.emf
Common UE#1 UE#2 UE#N

GC-

RNTI

Common

UE#1

UE#2

UE#N

GC-

RNTI

C-

RNTI

C-

RNTI

C-

RNTI

GC-DCI

1st DCI: 

GC-DCI

2nd DCI: 

UE-specific DCI

Option 1 Option 2


Microsoft_Visio____111.vsdx
Common
UE#1
UE#2
UE#N
GC-RNTI
Common
UE#1
UE#2
UE#N
GC-RNTI
C-RNTI
C-RNTI
C-RNTI
GC-DCI
1st DCI: GC-DCI
2nd DCI: 
UE-specific DCI
Option 1
Option 2



image1.emf
One grant free transmission 

occasion (GFO)

Front-

loaded

DMRS

Data

Payload


