
3GPP TSG RAN1 NR AH
 R1-1701047
Spokane, USA

16th – 20th Jan, 2017

Title:  
On mMTC multiple access
Source: 
Ericsson
Agenda Item:
5.1.12 Other
Document for:
Discussion
1 Introduction
3GPP RAN has committed to a first delivery of the next generation radio specifications at the end of Release 15 in June 2018. The agreed scope of this delivery contains e.g. eMBB and URLLC. However, the support of mMTC is not in this scope [1],[2]. The work on eMBB is quickly moving forward, but several discussions have already been started on mMTC and thereto related KPIs and evaluation scenarios. For example, in RAN1#86, the agreement below was reached.
RAN1#86, the agreement: NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC

In this contribution, we discuss aspects of non-orthogonal multiple access (NOMA) that need to be considered for mMTC.

2 Discussion
For transmissions of small, infrequent, packets from mMTC devices, grant-free NOMA could potentially be beneficial in terms of reducing the signaling overhead and latency.
The evaluation technique for assessing the performance of multiple access solutions is captured in subclause 9.1.2 in [3]. The baseline parameters already agreed are summarized in the table below. We would like to discuss a few additional aspects that need to be considered when NR resumes the study on mMTC grant free access.
Table 1: Baseline scheme for evaluation of grant-free UL multiple access schemes.
	Attributes
	Assumptions

	Waveform
	CP-OFDM as the UL waveform 
• UL DMRS overhead, 1 OFDM symbol out of 7 OFDM symbols 

	Resource allocation
	A UE selects a MA physical resource randomly from a pool of orthogonal MA physical resources There is no partial overlapping between the MA physical resources selected by more than one UE All orthogonal MA physical resources are of same size 
Total allocated bandwidth: 6RB, 4RB (optional) for calibration purpose only
Bandwidth per user per transmission: 1 RB

	Receiver
	MMSE-IRC, assuming ideal channel estimation for calibration purpose only 

 •  2Rx 

 •  No blind decoding assumed

	MCS
	Same for all UEs 
•Derived by the bandwidth per user of 1 RB and TB size of 160 bits per transmission 

•QPSK 

	Power control
	Open loop power control: Alpha=1, P0= -90 dBm 

	Packet size
	Fixed by 20 bytes
TB size with CRC included 

	HARQ retransmission
	No. of transmission is 1 (i.e., no repetition or retransmission)

	Traffic model
	FTP 3 with fixed TB size

	Average no. of users per sector
	20 assuming 3 sectors/cell, total 57 sectors 

	Channel code
	LTE Turbo


2.1 Spectral efficiency
With scheduled OMA, a UE gets scheduled resources on as-need basis. The scheduler dynamically allocates resources according to the UE coverage situation as well as the amount of the traffic the UE has to transmit. In the grant-free NOMA case, the system sets aside a pool of radio resources to be shared by a group of UEs. The amount of shared resources might not be dynamically configured adapting to the instantaneous traffic demand. Thus, there might be situation that the shared resource pool is not utilized at all due to no traffic activity. Another situation is that the traffic volume might be much bigger than what the allocated shared resources can support, resulting in most of the packets being received in error. In both situations described above, the spectral efficiency of grant-free NOMA is negatively impacted.
Observation 1: The spectral efficiency of grant-free NOMA could be negatively impacted due to mismatch between allocation of shared radio resources and traffic demand if the pool of shared radio resources is not configured dynamically to match the traffic demand.
2.2 Near-far problem

There is a design choice of whether the shared resources need to be configured separately for different coverage levels. If UEs of different coverage levels share the same pool of radio resources, the near-far problem will be more pronounced, affecting the performance of UEs in poor coverage. Allocating separate pooled resources for different coverage levels however reduces the trunking efficiency. 

Proposal 1: Careful consideration is needed to determine whether a separate shared resources are needed for different coverage levels in order to avoid near-far problem degrading the performance of UE in poor coverage.

Furthermore, for mMTC the accuracy of RSRP measurements is expected to be very relaxed. For example, NB-IoT allows ~10 dB error in RSRP measurements. As grant free access for mMTC is expected to be based on UL open loop power control, poor RSRP measurements accuracy is expected to accentuate the near-far problem.
Proposal 2: The accuracy of RSRP measurements needs to be accounted for when evaluating NOMA performance.
Finally the power control targeted received signal P0 need to take the targeted MCL into account. A device at the MCL of 164 dB using 23 dBm output power can at best achieve a received signal level P0 of -141 dBm, which is far from the -90 dBm P0 target assumed in the MA evaluations captured in Table 2.
2.3 gNB complexity

To support grant-free transmission, the gNB needs to always look for whether there is any uplink transmission present in the shared radio resources. For signals received from UEs in bad coverage, energy detection alone cannot reliably detect whether a signal is present or not. In most cases, received signals from UEs in poor coverage can only be detected after decoding, and perhaps after the CRC check. Furthermore, the transmission format, in terms of modulation and coding scheme and number of repetitions, may not be known to the gNB a priori. The gNB might need to try a number of blind decoding. All these aspects post demanding requirements on gNB signal processing.
Observation 2: Grant-free access might post demanding requirements on gNB signal processing.

A number of solutions may be considered to reduce gNB signal processing load. For example, using a fixed transmission format per coverage level may be considered. This eliminates need for blind decoding according to different hypothesized transmission formats. Another example is to consider using a header portion, which itself has a fixed transmission format. The header may signal the transmission format used in the data portion. The header may contain its own CRC to facilitate the gNB to be able to abort continuing reception of the data portion if it determines the header portion does not contain valid information. The header portion may further include a synchronization sequence to facilitate time and frequency synchronization at the gNB. 
Proposal 3: The design of grant-free access needs to consider the gNB receiver complexity.
2.4 Synchronization

Synchronization accuracy impacts the performance of grant-free access. It is assumed that for uplink grant-free access, the UE might not have a timing advance (TA) value to adjust for the round-trip propagation delay. For small cells, round-trip propagation delay may be within CP, and thus the orthogonality with OFDM symbols occupying other time-frequency resources can be preserved. However in a large cell, without TA the orthogonality between OFDM symbols is lost and the impact of such needs to be considered.

Proposal 4: The impact of synchronization accuracy on the performance of grant-free access needs to be considered.
2.5 Flexible packet sizes
To maximize the benefits of grant free access for mMTC it is of importance that the designed solution is sufficiently flexible to serve a variety of use cases with a variety of packet sizes. To limit the evaluations to a specific, and perhaps small, packet size invites to optimizations e,g, of the radio resources reserved for grant free access. So to secure that the grant free access solution designed for mMTC will possess the needed flexibility it is proposed to study grant free access using a traffic model spanning a range of packet sizes.

Proposal 5: The design of grant-free access need to consider a traffic model supporting a range of packet sizes.
2.6 Grant-based access as a fall-back solution
Grant-free access in some occasions may experience poor performance, e.g. when the traffic load is much higher than the shared common resources. It is thus advantageous for the UE to be able to fall back on the conventional grant based access. Thus, in our view grant free access should be complemented by grant based access.
Proposal 6: Grant free access is complemented by grant based access.
3 Conclusions
In this contribution, we discuss additional aspects that need to be considered when NR resumes the study on mMTC grant free access. We have made the observations and proposals listed below.

Based on the discussion in this contribution, we make an attempt to revise the table in 9.1.2 in [3] summarizing baseline scheme for evaluation of grant-free UL multiple access schemes as shown in Table 2.

Table 2: Baseline scheme for evaluation of grant-free UL multiple access schemes. (with proposed revision highlighted)

	Attributes
	Assumptions

	Waveform
	CP-OFDM as the UL waveform 
• UL DMRS overhead, 1 OFDM symbol out of 7 OFDM symbols 

	Resource allocation
	A UE selects a MA physical resource randomly from a pool of orthogonal MA physical resources There is no partial overlapping between the MA physical resources selected by more than one UE All orthogonal MA physical resources are of same size 
Total allocated bandwidth: 6RB, 4RB (optional) for calibration purpose only
Bandwidth per user per transmission: 1 RB
Resource allocation may be coverage level specific or UEs of all coverage levels share the same resource.

	Receiver
	MMSE-IRC, assuming ideal channel estimation for calibration purpose only 

 •  2Rx 

 •  No blind decoding assumed
Synchronization accuracy need to be considered.
gNB complexity need to be considered.

	MCS
	Same for all UEs 
•Derived by the bandwidth per user of 1 RB and TB size of 160 bits per transmission 

•QPSK 

	Power control
	Open loop power control: Alpha=1, P0= -90 dBm 
Power control need to reflect:

· The targeted MCL

· Poor accuracy of RSRP measurements for UEs in extended coverage.

	Packet size
	Fixed by 20 bytes
TB size with CRC included 
Variable packet size up to a certain maximum packet size limit, e.g. using a Poisson distribution according to 3GPP TR 45.820 .

	HARQ retransmission
	No. of transmission is 1 (i.e., no repetition or retransmission)

	Traffic model
	FTP 3 with fixed TB size
See comment on Packet size.

	Average no. of users per sector
	20 assuming 3 sectors/cell, total 57 sectors 
A varying traffic load, or arrival intensity, is important to understand when is beneficial to use grant-free access.

	Channel code
	LTE Turbo


Observation 1: The spectral efficiency of grant-free NOMA could be extremely poor due to mismatch between allocation of shared radio resources and traffic demand if the pool of shared radio resources is not configured dynamically to match the traffic demand.

Observation 2: Grant-free access might post demanding requirements on gNB signal processing.

Proposal 1: Careful consideration is needed to determine whether a separate shared resources are needed for different coverage levels in order to avoid near-far problem degrading the performance of UE in poor coverage.

Proposal 2: The accuracy of RSRP measurements needs to be accounted for when evaluating NOMA performance.
Proposal 3: The design of grant-free access need to consider the gNB receiver complexity.

Proposal 4: The impact of synchronization accuracy on the performance of grant-free access needs to be considered.

Proposal 5: The design of grant-free access need to consider a traffic model supporting a range of packet sizes.
Proposal 6: Grant free access is complemented by grant based access.
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