[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK5][bookmark: OLE_LINK6]3GPP TSG-RAN WG1 #86	R1-167248
Gothenberg, Sweden 22nd – 26th Aug2016

Agenda item:		8.1.2.2
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	Contention-based non-orthogonal multiple access with frequency hopping for the mMTC uplink
Document for:		Discussion and Decision
1	Introduction
In the previous two meetings, the agreements on contention based multiple access were achieved:
Agreements: [RAN1 84bis chairman’s notes]
· 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: [RAN1 85 chairman’s notes]
· 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
· [bookmark: OLE_LINK11]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
In this contribution, we propose the use of autonomous frequency hopping as the mechanism to employ efficient, reliable, and scalable contention-based access.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	Discussion 
In mMTC, it is well understood that in order to support the massive scale of MTC traffic, contention-based access may be required. Contention-based access implies that there is no scheduling grant for either the initial transmission or subsequent re-transmissions of a given packet. 
In addition to challenges related to scalability, it is desirable to provide extremely high service availability in potentially challenging, extended coverage deployment scenarios (e.g., basement, under a bridge, etc.). Exacerbating the issue, devices for mMTC may support lower powers than typical LTE terminals. As a result, a given packet may require many re-transmissions.
In summary, it is important to increase link efficiency and reliability without the burden of heavy signalling overhead that hinders the support of massive scales.
Frequency hopping is well known to achieve frequency, interferer, and time diversity. With hop patterns that are known to both the transmitter and receiver, there is no need to transmit scheduling grants for initial transmission or re-transmissions of packets. Further, early termination gains can be achieved with the eNB transmitting an Ack upon successful reception, thereby preventing unnecessary transmissions.
Our performance analysis indicates that employing frequency hopping can provide high levels of link reliability even with contention-based access. 
3	Frequency Hopping for Contention-Based UL mMTC

With improved frequency, interferer, and time diversity, frequency hopping can achieve both link efficiency and reliability while operating in contention-based access mode.

The simplest mode of operation is to employ frequency hopping across HARQ transmissions, both initial and subsequent re-transmissions, if needed. In this way, both initial and subsequent re-transmissions, if needed, are contention-based (e.g., grant-less) and reliability in extended coverage can be efficiently achieved. Further, because each frequency hop spans a narrow swath of frequency and time, hopping may be performed slowly, mMTC devices can be low in complexity (and relatively inexpensive), thereby allowing for widespread deployment.

Frequency hopping is characterized by several parameters such as 
· Set of F frequencies over which a transmission can hop
· Inter-hop duration
· Hop pattern, typically pseudo-random
· Maximum hop length (with early termination upon successful decoding)

Figure 1 provides a simple example with pseudo-random hopping over F frequencies and an inter-hop duration of 3 TTIs. Note that this representation is only for illustrative purposes and in practice, the units in frequency and time may not be contiguous.
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Figure 1. Frequency hopping across HARQ transmissions


Note that because the frequency hop sequences are pseudo-randomly selected and sequences may be non-orthogonal, different mMTC devices served by the same eNB may both transmit on the same frequency hop. Figure 2 provides a simple example.
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Figure 2. Example of intra-cell mMTC collision 


A supplementary mode of operation is to employ additional techniques within a given HARQ transmission to provide greater robustness in the event of collision. A few examples of such additional techniques have been give below.

For each HARQ transmission, there are multiple possibilities. As a simple extension, frequency hopping can be employed within the transmission, which is to say that a single HARQ transmission will span multiple frequency hops. Figure 3 illustrates this case.
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Figure 3. Frequency hopping within and across HARQ transmissions


Proposal 1: Frequency hopping both within and across HARQ transmissions should be considered for contention-based non-orthogonal multiple access.

Alternatively, other methods of spreading/coding (e.g., NOCA, MUSA, RSMA, etc.) can be applied within a given HARQ transmission (which is on a given frequency hop) and frequency hopping can be employed across HARQ transmissions. In this way, performance is improved on a given hop in the event of a collision, and frequency hopping can provide diversity transmission across HARQ transmissions. Figure 4 illustrates this case.
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Figure 4. Frequency hopping between HARQ transmissions, spreading and/or coding within each frequency hop


Proposal 2: Coding/spreading within each HARQ transmission should be considered along with frequency hopping across HARQ transmissions for contention-based non-orthogonal multiple access.

To enable mMTC and broadband services to operate on the same carrier bandwidth, mMTC hop zones can be established, where these zones comprise a collection of resources in time and frequency. Frequency hopping would be performed across these mMTC hop zones.

Finally, successive interference cancellation (SIC) can be employed to reduce the interference generated by contention-based collisions, in this case when frequency hops collide. Further, SIC may enable the partial or full overlay of mMTC and broadband services. In particular, broadband services are typically engineered to operate with low (e.g., near 0%) residual BLER after one or more HARQ transmissions. As a result, depending on the delay tolerance of the mMTC service, mMTC decoding could be performed after the broadband transmissions are decoded and cancelled. In this way, the spectral efficiency of jointly supporting mMTC and broadband services might be enhanced. Figure 5 illustrates the SIC opportunities to improve performance.
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Figure 5. Cancellation opportunities for SIC to improve performance


Consider a deployment scenario in which an operator has 10 MHz of bandwidth to support broadband and mMTC services. For simplicity, assume that the mMTC load is statistically equivalent in every cell (e.g., λ Poisson arrivals per second) and a portion of the spectrum is dedicated to mMTC service, the same portion in every cell, and the balance is left for broadband traffic. Thus, as mMTC traffic load increases, more spectrum is required for mMTC, and the balance of spectrum available for broadband shrinks.

Using this model, Figure 6 illustrates the cell throughput of broadband and mMTC for different mMTC loads at an inter-site distance of 1732m. With "Scheduled Tx", just one transmission per resource is scheduled, whereas "Autonomous FH Tx" operates with contention-based access and multiple mMTC transmissions may overlap on the same resource depending on the frequency hop sequence. 
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Figure 6. Comparison of FH with contention access vs. Scheduled access


At low mMTC load, not much spectrum is required. As a result, broadband throughput is quite high and there isn't much difference between the two cases. However, at higher mMTC loads, the impact on broadband throughput is significant and the need for efficiency grows. 

Next, consider the case where mMTC and broadband service operate across the same spectrum. In this "overlay spectrum" scenario, the overlay is achieved by cancelling broadband interference, and then attempting to decode mMTC autonomous transmissions. Figure 7 illustrates the performance of autonomous transmissions with shared spectrum relative to the baseline case of autonomous frequency hopped transmission with dedicated spectrum.
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Figure 7. Comparison of FH with contention access vs. Scheduled access

Similar to the results presented in Figure 6, the gains are relatively small when the mMTC load is low. However, as the mMTC load grows, the inefficiency of dedicating spectrum to mMTC increases. Compared to the performance of autonomous transmission with dedicated spectrum, up to 35% improvement in efficiency can be achieved. Relative to the performance of scheduled transmission over dedicated spectrum shown in Figure 6, up to 100% improvement may be attained. 
Proposal 3: The performance benefit of receiver processing techniques such as SIC should be studied in conjunction with frequency hopping for contention-based non-orthogonal multiple access.


[bookmark: OLE_LINK9][bookmark: OLE_LINK10]4	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]We have made the following proposals regarding contention access for UL mMTC:
Proposal 1: Frequency hopping both within and across HARQ transmissions should be considered for contention-based non-orthogonal multiple access.

Proposal 2: Coding/spreading within each HARQ transmission should be considered along with frequency hopping across HARQ transmissions for contention-based non-orthogonal multiple access.

Proposal 3: The performance benefit of receiver processing techniques such as SIC should be studied in conjunction with frequency hopping for contention-based non-orthogonal multiple access.
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Appendix
Simulation assumptions,
	[bookmark: _GoBack]Parameters
	Values

	Carrier Frequency
	2GHz

	Bandwidth Per PRB
	15 kHz * 12 = 180 kHz

	TTI
	1ms

	Cellular topology
	19 sites, 3 cloverleaf cells per site with wraparound, ISD=1732m

	Channel Coding Scheme
	Turbo Coding

	Channel Model
	TU

	UE Speed_ km/h
	3

	HARQ
	Yes

	MCS
	QPSK,1/2

	Maximum UE Power
	mMTC: 13 dBm, Broadband: 23 dBm

	Open Loop Power control
	mMTC: 1, optimized P0; Broadband: 1, optimized P0
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