3GPP TSG RAN WG1 Meeting #86






R1-167392
Gothenburg, Sweden 22nd - 26th August 2016
Source:
NTT DOCOMO, INC.
Title:
Discussion on multiple access for UL mMTC
Agenda Item:
8.1.2.2
Document for: 
Discussion and Decision

1. Introduction
At the RAN1#85 meeting, the following agreements were achieved for autonomous/grant-free/contention based UL non-orthogonal multiple access:

Agreements on RAN1 #84bis:

· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases

· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied

Agreements on RAN1 #85:

· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of  time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration

· Case 2: Realistic open-loop power control with certain alpha and P0 values

· Case 3: Close-loop power control

· Receiver impact
As agreed at the RAN1 #84bis meeting, autonomous/grant-free/contention based UL non-orthogonal multiple access should be investigated for at least UL mMTC scenario. In this contribution, we provide our views and preliminary evaluation results for autonomous/grant-free/contention based UL non-orthogonal multiple access assuming UL mMTC scenario. 
2. Motivations for NOMA and grant-free multiple access
At the last RAN plenary meeting, it was agreed that NB-IoT and eMTC should be used as the reference benchmark for assessing the performance of new proposals according to mMTC use case [1]. From this agreement, there are mainly two motivations for investigation on mMTC as follows:
1. Capacity enhancement:
The target of connection density for mMTC is 1,000,000 devices/km2 in urban environment as described in [2].  Therefore, firstly RAN1 should investigate multiple access technology to satisfy this requirement for mMTC scenario. For the purpose of capacity enhancement, non-orthogonal multiple access (NOMA) and/or multi user (MU)-MIMO may be good candidates. However, as some contributions pointed out (e.g. [3]), NB-IoT and eMTC may be able to satisfy this requirement if larger bandwidth is utilized for those systems (e.g. 3 or 4 PRBs instead of 1 PRB). Although the assumption about allocated BW for mMTC is not clear yet, we should strive for the capacity enhancement of mMTC assuming the same system bandwidth as that for NB-IoT/eMTC.  
2. Reduced control channel overhead:
For this purpose, two potential issues need to be taken into account as follows. 
· The first issue is to reduce UL grant for NOMA/MU-MIMO. For orthogonal multiple access, only one device is allocated to the certain time and frequency resources. On the other hand, for NOMA/MU-MIMO, multiple UEs can share the same time and frequency resources. This means that signaling overhead due to the UL grant would increase according to the number of multiplexed UEs. For example, in 300% overloading case, the UL grant would increase by 300% compared to that in 100% overloading case if there is no any overhead reduction scheme.
· The second issue is to reduce signaling overhead related to RACH procedure, i.e. signaling overhead necessary to accomplish and/or keep RRC connectivity. For small packet transmission such as IoT, the case where the ratio of DL control channel is larger than the UL data packet size may happen. Therefore, singling overhead related to the RACH procedure would be serious when massive deceives try to access the network. 
For the first issue, RACH based (synchronous UL) and grant-free/-less NOMA may be a good candidate. This scheme may be also useful for the first motivation, i.e. improvement of the capacity compared with NB-IoT/eMTC. For the second issue, RACH less (asynchronous UL) and grant-free (contention based) NOMA may be a good candidate. However, it is challenging that the latter scheme improve the capacity at the same time. This is because it is difficult for grant-free transmission scheme to manage UL transmissions (e.g. link adaptation and intra-cell interference management).
If the second motivation is only targeted, grant-free multiple access can be further investigated. However, if the first motivation is also intended to achieve, grant-based multiple access should be also investigated.
Observation 1: 

· RACH-less and grant-free multiple access can reduce signaling overhead, but it is challenging for such scheme to improve the capacity compared with NB-IoT/eMTC.
Proposal 1: The requirements and assumptions for mMTC should be further clarified.
Proposal 2: Both RACH-based/grant-less multiple access and RACH-less/grant-free multiple access should be investigated for the capacity enhancement and control channel overhead reduction. 
3. Grant-based NOMA for UL mMTC
Generally, NOMA introduces power-domain user multiplexing and exploits more advanced receivers for multi-user signal separation at the receiver side [4-6]. For the uplink, it may be beneficial to improve the connection density because multiple UEs can share the same radio resource as shown in Fig 1. Since only orthogonal multiple access was studied in NB-IoT and eMTC, a grant-based NOMA may be a good candidate to improve the connection density. 
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Figure 1. Uplink NOMA (Non-Orthogonal Multiple Access)
3.1. Preliminary system evaluation for grant-based multiple access
In this section, the preliminary system evaluation results of grant-based OMA are provided for mMTC scenario as a reference of the mMTC investigation. The major simulation parameters are shown in Table A1 in Annex A, which are aligned with agreed evaluation assumption at RAN1 #85. In this evaluation, single 200kHz (1 PRB) is allocated for UL transmission NB-IoT and eMTC study, and only one UE is scheduled on a TTI within a PRB in OMA case.  As a traffic model, we directly reuse MAR periodic model described in [7], and it is assumed that UEs are uniformly distributed over time. For UL synchronization, we assume case 1, i.e., timing offsets between UEs are within a cyclic prefix by RACH. We reuse UL DM-RS of LTE as a reference signal, and realistic channel estimation is assumed in this evaluation. Also, we reuse MCS of LTE, and adaptive MCS selection based on SRS signal is conducted. In order to improve the successful reception probability and coverage, repetition transmission and signal combining like NB-IoT/eMTC are assumed. It is assumed that the number of repetition transmission is perfectly estimated by eNB, and maximum repetition number is limited by 1024. As a receiver algorism, MMSE receiver with single user (SU)-MIMO is assumed . 
Figure 2 shows the system evaluation results for grant-based OMA. In this evaluation, successful reports/200 kHz/hour is used as the capacity metric, which is defined in [7]. From the results, packet error rate of grant-based OMA is very low until 100,000 devices per sector, but it gradually increase as the number of devices increase. Specifically, packet error rate of grant-based OMA is about 8% in 220,000 devices per sector case. Hence, to satisfy the requirement of mMTC, we need to consider further capacity enhancement by e.g. NOMA/MU-MIMO if the same bandwidth (1PRB) is assumed. We observed that resource utilization is very high (about 80~100%) in this range, hence NOMA may improve the capacity in such high RU. 
Observation 2: 
· If 3 or 4 PRBs are assumed as system bandwidth, grant-based OMA may reach the mMTC requirement.
· NOMA can potentially improve the capacity performance for grant-based OMA.
Proposal 3. UL grant-less transmission should be further investigated for NOMA/MU-MIMO.
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Figure 2. Preliminary system evaluation for grant-based OMA
4. Grant-free and contention based NOMA
As agreed at the RAN1#85 meeting, there are the following two cases regarding the UL synchronization

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

 For the first case, RACH procedure is completed and UL synchronization is achieved among UEs. The motivation for this option is to reduce the control channel overhead due to UL grant for mainly NOMA/MU-MIMO. For the UL grant-free transmission, when UL transmissions from different UEs collide, the eNB may fail to decode all or some of UL transmissions. However, as UL synchronization is assumed, a form of non-orthogonal multiple access schemes would be considered. For the second case, the RACH procedure is simplified and UL synchronization is not achieved among UEs. The synchronization for the downlink would be achieved even though the UL synchronization is not achieved. The following motivations for the RACH-less and UL grant-free transmissions can be considered.
· Small packet transmission such as IoT

· For small packet transmission, overhead and delay due to RACH procedures would be redundant. To avoid such an issue, RACH-less and UL-grant free transmission can be considered. More specifically, UL resources for RACH-less and UL grant-free transmission are statically or semi-statically preserved as shown in Fig. 5. The RACH-less and UL grant-free asynchronous UL transmission is performed only within these preserved resources. When a packet collision happens, simpler approach is to rely on retransmissions. If the packet collision happens often, the amount of UL resources for RACH-less and UL grant-free transmission will be adjusted by the NW.
· URLLC
· It is desirable for URLLC to be able to initiate UL transmission whenever urgent UL packet occurs at UEs as shown in Fig. 6. However, unlike the above case for mMTC, preserving the UL resources always may not be efficient since traffic occasions for URLLC can’t be anticipated. Without preserving UL resources for RACH-less and UL grant-free transmission, RACH-less UL grant-free transmission would collide with other transmission such as eMBB as shown in Fig. 6. In this case, handling of the UL resource collision including non-orthogonal multiple access would be required.
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Figure 5. UL grant-free transmissions.
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Figure 6. RACH-less and UL grant-free transmissions for URLLC
In order to actualize the UL grant-free transmission, the corresponding UL transmission format and procedures are the key issue. Our initial considerations are explained below. For the transmission format, a set of preamble, UL control channel, and data transmissions is considered as shown in Fig. 7. The functionality of each channel is described below.
· Preamble: used for BS to detect UL signal transmission. Preamble sequence may be different depending on whether RACH procedure is completed or omitted.
· UL control channel: used to carry ID to identify UE, buffer status report, UL control information, etc. A robust channel design against a collision may be necessary.
· Data transmission: to carry URLLC data and small packet. Collision handling for data channel may be needed. For example, code division multiplexing (CDM) and non-orthogonal multiplexing can be considered.

[image: image5]
Figure 7. Example of transmission format for RACH-less and UL grant-free transmission.

4.1. Preliminary system evaluation for grant-free NOMA
In this section, the preliminary system evaluation results of grant-free NOMA are provided for UL mMTC scenario. The major simulation assumption is the same as sect. 3.1, and it is summarized in Table A1 in Annex A. Note that a frequency hopping of UL resource like Fig. 5 is not considered, and preamble and UL CCH like Fig.7 is not modelled in this evaluation. The difference from sect. 3.1 is that UE scheduling at the eNB side is not conducted. Hence, each UE transmit UL signal when the packet occurs, and try to retransmit it with random back off time if a packet is NACK as shown in Fig. 8. Pre-defined MCS level and the number of signal repetition are utilized in this evaluation. As a receiver at the eNB side, MMSE receiver with SU/MU-MIMO and ideal SIC receiver, which can perfectly cancel the inter-UE interference in a cell, are assumed.
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Figure 8. Retransmission scheme for grant-free multiple access
Figure 9 shows the system evaluation results for grant-free NOMA. In this evaluation, we evaluate the capacity performance with the following fixed MCS and repetition number cases:
· MCS#0, 4 repetitions
· MCS#3, 2 repetitions
· MCS#5, 2 repetitions

From the results, in all cases, the capacity performance is degraded in low traffic load compared with grant-free OMA case. Since fixed MCS level and repetition number are assumed in this evaluation, spectrum efficiency becomes lower than grant-based OMA case. Also, resource utilization is lower than 100%, then signal collision probability is not too high in such range. Then, the effect of intra-cell interference cancellation is quite limited.
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Figure 9. Preliminary system evaluation for grant-free OMA and NOMA
Observation 3: 

· Capacity improvement should be further investigated for grant-free multiple access.

· How to decide MCS/spreading factor without UL grant is a potential issue.
5. NOMA with code spreading 

In NB-IoT/eMTC specification, simple signal repetition and combining is applied to improve the successful reception probability and coverage. When assuming NOMA/MU-MIMO case, however, such kind of signal repetition may not be sufficient to mitigate inter-UE interference in a cell, and further performance enhancement can be considered using e.g. code spreading as many companies were proposed. In this section, we propose NOMA with code spreading, which is very simple time domain (or frequency domain) code spreading on top of signal repetition as shown in Fig. 10. If grant-based multiple access is assumed, the eNB can configure orthogonal code (e.g. OVSF code) to the multiplexed UEs to cancel the inter-UE interferences. Furthermore, the eNB can also allocate non-orthogonal code to some multiplexed UEs specifically in high traffic load case, and inter-UE interference among such UEs can be cancelled by the advanced receiver at the eNB side. If grant-free multiple access is assumed, UE may randomly select one orthogonal code. NOMA with code spreading have some flexibility for the receiver algorism, i.e. not only SIC/ML like receiver (e.g. CWIC) but also very simple linear receiver (i.e. MMSE receiver with MU-MIMO) can be utilized to cancel inter-UE interference.  
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Figure 10. NOMA with code spreading on top of repetition (Ex. Spreading factor = 4)
Figure 11 shows the initial link evaluation results for NOMA with code spreading. The major simulation parameters are shown in Table B1 in Annex B, which are aligned with agreed evaluation assumption at RAN1 #85. From the results, up to 200% overloading can be achieved by MMSE receiver with MU-MIMO, and up to 300% overloading can be achieved by CWIC receiver regardless of spreading factor. Overloading factor cannot be improved by code spreading, but required SNR level is improved according to the spreading factor. Note that hard-decision CWIC receiver is assumed in this evaluation, and CRC check for the interference signals is applied to improve the performance. 
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Figure 11. Link evaluation results for NOMA with code spreading
Observation 4: 

· NOMA with code spreading on top of signal repetition can be considered to improve the receiver performance.
6. Conclusion
In this contribution, we provide our views and preliminary evaluation results for autonomous/grant-free/contention based UL non-orthogonal multiple access assuming UL mMTC scenario. According to the discussions, we have following observations and proposal.
Observation 1: 

· RACH-less and grant-free multiple access can reduce signaling overhead, but it is challenging for such scheme to improve the capacity compared with NB-IoT/eMTC.

Observation 2: 
· If 3 or 4 PRBs are assumed, grant-based OMA may satisfy the mMTC requirement.
· NOMA can potentially improve the capacity performance for grant-based OMA.
Observation 3: 

· Capacity improvement should be further investigated for grant-free multiple access.

· How to decide MCS/spreading factor without UL grant is a potential issue.
Observation 4: 

· NOMA with code spreading on top of signal repetition can be considered to improve the receiver performance.
Proposal 1: The requirements and assumptions for mMTC should be further clarified.
Proposal 2: Both RACH-based/grant-less multiple access and RACH-less/grant-free multiple access should be investigated for the capacity enhancement and control channel overhead reduction. 

Proposal 3. UL grant-less transmission should be further investigated for NOMA/MU-MIMO.
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Annex A. Evaluation assumption for system evaluation
Table A1. Evaluation assumption for system level
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Annex B. Evaluation assumption for link evaluation

Table A1. Evaluation assumption for system level
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