
3GPP TSG RAN WG1 Meeting #88                                                                         R1-1701596
Athens Greece 13th - 17th February 2017
Agenda Item:
8.1.3.4.5
Source:
              ZTE, ZTE Microelectronics
Title:
              Advanced Grant-free Transmission for URLLC
Document for:
Discussion and decision

1 Introduction

Grant-free transmission has been agreed for UL URLLC transmission. During RAN1 AH NR meeting, the following agreements for grant-free transmission were made [1]:
Agreements:
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point

Agreements:
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined

· FFS: hopping mechanisms over the transmissions
In our accompany contribution [2], basic grant-free transmission for URLLC is considered. And in this contribution, we give some considerations on advanced grant-free transmission for URLLC with NOMA.
2 Discussion and evaluation
It is observed in [2] that the resource granularity for URLLC is relatively large. Therefore, in order to improve the spectrum efficiency, resource sharing among multiple URLLC UEs is proposed. Due to the nature of resource sharing, collision cannot be avoided. In case of collision, the OFDMA based grant-free transmission scheme may suffer significant performance loss if no advanced receiver is applied at gNB. When advanced receiver, i.e., SIC receiver is applied, the performance can be improved. Note that although the performance with advanced receiver may satisfy the ultra reliability requirement of URLLC, the processing complexity should not be ignored. Considering the latency requirement for URLLC is very stringent, whether the SIC processing can be finished within such limited time is still FFS. Thus, other solutions to alleviate the effect of collision can also be considered. For example, non-orthogonal MA with low cross-correlation spreading is a promising candidate. 

2.1       Link level evaluation for grant-free transmissionFor fair comparison, we consider the following two grant-free transmission schemes. In Scheme-1, 4 resources are shared by 8 UEs and each resource consists of 2 RBs in this example. Therefore, total 8 RBs are allocated for URLLC UEs. And in Scheme-2, a resource with 8 RBs is shared by 8 UEs. For each UE, a spreading sequence with length 4 is applied. The resources allocated for URLLC UEs and the number of supported UEs is same in these two schemes. Figure 1 gives the examples of Scheme-1 and Scheme-2.
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Figure 1: The two grant-free transmission schemes for link level evaluation.

Figure 2 gives some preliminary results for the two grant-free transmission schemes. The simulation assumptions are listed in Table A1. For Scheme-1, the most optimistic collision situation is considered. Only 2 UEs collide in the same resource. Considering the random resource selection and sporadic nature of URLLC traffic, more than 2 UEs select the same resource may also happen. Therefore, the simulation results are optimistic for Scheme-1.
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(a) Ideal channel estimation
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(b) Realistic channel estimation
Figure 2: Performance comparison of Scheme-1 and Scheme-2
From the simulation results, it is observed that:
· Scheme-2 with 8 UEs simultaneous transmission in the same resource (worst case for Scheme-2) with MMSE receiver can achieve similar performance with Scheme-1 with 2 UEs (best case for collision in Scheme-1) when MMSC+SIC receiver is applied.
· For Scheme-2, less number of UEs multiplexed in the same resource, better performance can be achieved.
Considering sporadic feature of URLLC traffic, the number of UEs multiplexed in the same resource is usually less than maximum number of supported UEs in real application, better performance can be expected for Scheme-2.

Observation 1: The performance of the scheme with spreading using MMSE receiver is better than one of the scheme without spreading using MMSE+SIC receiver.
If the complexity at gNB is not a concern, advanced receiver can also be applied for Scheme-2. Figure 3 gives the performance comparison of Scheme-2 with and without SIC. In order to reduce processing delay, only one round of interference cancellation is applied for SIC receiver (expressed as SIC1 receiver). Several data signals with high SINR are together demodulated and decoded; then those data signals successfully detected are reconstructed after encoding, modulating and passing channel again; finally these reconstructed data signals are subtracted from received signal, thus the interference from these reconstructed data signals is cancelled perfectly.
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(a) Ideal channel estimation

[image: image5.emf]1.00E-06

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

-2 0 2 4 6 8 10

BLER

SNR (dB)

2UE, MMSE

4UE, MMSE

6UE, MMSE

8UE, MMSE

2UE, MMSE+SIC1

4UE, MMSE+SIC1

6UE, MMSE+SIC1

8UE, MMSE+SIC1


(b) Realistic channel estimation
Figure 3: Performance comparison of Scheme-2 with/without SIC
It can be observed in Figure-3 that the performance with advanced receiver for Scheme-2 is improved and it is very tolerant to the number of UEs multiplexed in the same resource. 
Observation 2: The performance of the scheme with spreading can be further improved by advanced receiver.
2.2       System level evaluation for grant-free transmission
The following two grant-free transmission schemes are considered. In Scheme-1, as shown in Figure 4(a), there are 20 URLLC UEs and 4 resource pools in a cell/sector, and each resource pool is reserved for 5 UEs. And in Scheme-2, as shown in Figure 4(b), 4 small resource pools are aggregated into one large resource pool, which is reserved for 20 URLLC UEs in a cell/sector. In this case, the different length-4 spreading sequences are applied by each UE. The resources allocated for UEs and the number of supported UEs is the same in these two schemes.
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(a) Scheme-1                                          (b)  Scheme-2
Figure 4: The two grant-free transmission schemes for system level evaluation.

Figure 5 gives some preliminary results on UE ratios meeting URLLC requirements for the above two grant-free transmission schemes. Here MMSE receiver is used, and ‘100% outdoor’ scenario is considered for UE distribution (The results for ‘20% outdoor and 80% indoor’ scenario were provided in [3]). The detailed simulation assumptions are listed in Table A2.
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Figure 5: Performance comparison of Scheme-1 and Scheme-2
From the simulation results, it is observed that:
· For the same packet arrival rate, the number of UEs meeting ULRRC requirements is larger by Scheme-2, i.e., Scheme-2 can support higher packet arrival rate and have better resource efficiency than Scheme-1.
Observation 3: The grant-free scheme with spreading provides better performance than the scheme without spreading in terms of UE ratios meeting URLLC requirements.
Based on the above observations, the grant-free scheme with spreading can achieve a good trade-off between performance and receiver complexity. Therefore, we propose that Non-orthogonal MA with low cross-correlation should also be supported for grant-free transmission in ULRRC.
Proposal 1: Non-orthogonal MA with low cross-correlation should be further studied for uplink grant-free transmission in ULRRC. 
3 Conclusion
In this contribution, different design aspect of grant-free transmission for URLLC is discussed. The main proposals are summarized as follows.
Observation 1: The performance of the scheme with spreading using MMSE receiver is better than one of the scheme without spreading using MMSE+SIC receiver.

Observation 2: The performance of the scheme with spreading can be further improved by advanced receiver.
Observation 3: The grant-free scheme with spreading provides better performance than the scheme without spreading in terms of UE ratios meeting URLLC requirements.

Proposal 1: Non-orthogonal MA with low cross-correlation should be further studied for uplink grant-free transmission in ULRRC. 
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Annex

Table A1 Simulation assumptions for LLS
	Attributes 
	Values or assumptions 

	Carrier Frequency
	4 GHz

	Simulation bandwidth
	2 RBs for OFDMA, 8RBs for NOMA

	Number of subcarriers per RB
	12

	Subcarrier spacing 
	60 kHz

	TTI length
	0.25 ms

	OFDM symbols per TTI
	14

	OFDM symbols for data
	12

	PHY Packet size
	32 Bytes (including 24bit CRC)

	Modulation and coding rate
	QPSK, 0.44 (256/(288*2))

	Channel model
	TDL-A, 3km/h

	BS antenna configuration
	4Rx

	UE antenna elements
	1Tx

	HARQ
	No

	Channel estimation
	Ideal/Realistic

	Receiver
	MMSE/MMSE-SIC 


Table A2: Simulation assumptions for SLS

	Attributes
	Values or assumptions

	Layout
	Urban Macro: Hexagonal Grid

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	System BW
	20 MHz

	Subcarrier spacing
	60 kHz

	TTI length
	0.25 ms

	Number of subcarriers per RB
	12

	OFDM symbols
	14 symbols per TTI, 12 symbols for data transmission

	Simulation bandwidth
	8 RBs;
4 resource pools for OFDMA, 2 RBs per resource pool;
1 resource pool for NOMA, 8 RBs per resource pool

	Number of users per cell
	20

	Packet size
	32 bytes

	MCS
	QPSK 4/9

	Channel model
	3D UMa

	UE distribution
	100% Outdoor, 3 km/h

	UE TX power
	23 dBm

	Open loop power control
	P0 = -85 dBm, alpha = 0.9

	BS antenna configuration
	4 Rx

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	Follow TR 38.802 

	BS receiver noise figure
	5dB 

	UE antenna configurations
	1 Tx

	UE antenna height
	Follow TR 36.873

	Traffic Model 
	FTP model 3 with Poisson arrival

	HARQ
	No

	Feedback assumption
	No

	Channel estimation
	Ideal

	BS receiver
	MMSE


