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1	Introduction
In RAN1 #85 meeting, some agreements on UL multiple access are reached: 
· 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

Based on these agreements, UL synchronization relevant issues should be further investigated, at least including application scenario, synchronization accuracy, and performance impact. In this contribution, we provide discussions on the synchronization requirement and performance analysis on UL contention based multiple access.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	Discussion on synchronization requirement for multiple access schemes
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Synchronization accuracy and scenarios 
For UL scheduled transmission, UL synchronization is necessary to keep orthogonality of multiple users. There are following cases where UE might lose the UL synchronization,
· UE is in RRC connected mode and is configured with long DRX cycle;
· UE is in RRC idle mode;
· UE is in new RRC inactive mode. 
In above cases, UE can firstly initiate a random access procedure to get the UL timing advance information to keep UL synchronization. This results in relatively large overhead and latency especially for small packet transmission. When using contention based transmission for such cases, the challenging thing is how to keep UL synchronization within tolerable range and how to conduct robust transmission with unavailable UL synchronization. Typically it is assumed DL synchronization is ready and therefore DL timing can be taken as the reference for UL transmission. Therefore UL timing offset is mainly determined by cell size. In small cell scenario, the timing offset might be less than one CP due to relatively small coverage. This of course, subject to the CP size that will be defined in NR. In this case, UE is actually in UL synchronization and the performance of contention based access will not be impacted. But, when considering wide area coverage with 1-2 Km, the maximum offset might reach two CPs or even more, in which case certain level interference will be incurred for UL multiple carrier transmission due to asynchronous transmission. Given the interference cancellation capability of non-linear receiver, the situation may not be worse. The third use case is mMTC scenario with possible super big cell coverage with low carrier frequency. In this case, the maximum timing offset is very big, even reaching one OFDM symbol length. Since different timing offset require different processing method, further categorization of asynchronous range is desired to identify synchronization requirement and corresponding technical solution.  
Proposal 1: further synchronization categorization according to application scenario is needed.      
· Synchronization maintenance and interference cancellation  
When considering asynchronous transmission in contention based access, we need to consider how to reduce timing offset as much as possible in UE side. The UL timing may be adjusted based on implementation. As one example, UL timing can be adjusted according to DL timing variance, which is observed from DL reference signal tracking. As a result, although no timing update in the contention transmission procedure, the timing can be adjusted by UE based on the historical timing obtained from initial access or inter-cell handover, and an offset obtained from continued reference signal tracking. This would be possible to keep one reasonable timing error. These implementation specific techniques should be further investigated to help UE to reduce timing offset.
In case of asynchronous transmission, another issue is how to cancel the inter-user interference. For UL contention based access, waveform and spreading techniques could be considered to overcome the side effect due to asynchronous transmission. For example, UFMC type waveform can reduce inter subband interference, which can provide enough FDM separation for frequency hopping based MA transmission. In case of spreading based MA scheme, because one data symbol is distributed in multiple subcarrier or multiple time symbol, definitely it can resist the inter-user interference due to asynchronous transmission. In principle, longer spreading factor is better to tolerant the interference caused by asynchronous transmission. Another relevant technique is receiver processing. Normally per user accurate timing tracking and processing is very important to interference cancellation, but it caused additional receiver complexity. 
Observation 1: Implementation specific technique can overcome the side-effects due to asynchronous transmission in certain degree.  
3	Performance analysis for asynchronous transmission 
In order to identify the performance loss in asynchronous transmission, we evaluate the performance of non-orthogonal coded access (NOCA, [3]) under different asynchronous assumptions.
· Case 1: Timing offset between UEs are within one CP  
In this case, due to CP protection, actually it is still working in synchronous transmission mode.  
· Case 2: Timing offset between UEs are within two CP   
In this case, inter-symbol interference will appear due to out of CP protection. Basically this timing offset is relatively small, and the performance degradation would not be much worse.   

· Case 3: Timing offset between UEs are within ½ OFDM symbol
In this case, the timing set is quite large, so normally it is associated with the super big cell deployment. It is expected the performance degradation is significant. However, in order to resist this degradation, receiver processing becomes critical. Here we consider joint detection and per user detection both. For joint detection receiver, only one FFT window is used, but for per user detection case, multiple FFT window reception is used. Different user will have different timing determination and also utilize accurate timing recovery for codeword level interference cancellation. 
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         Figure-1 Performance comparison under joint detection and CP level offset 

     [image: D:\userdata\demiao\Desktop\6UEMMSEJnew2.jpg]
              Figure-2 Performance comparison for half symbol timing offset

As shown in figure 1, timing offset within one CP shows similar with synchronous transmission as expected. When the timing offset reaches to two CP, the performance shows around 1dB degradation at 10% BLER. 
For figure2, bigger timing offset has been evaluated. We found joint detection based receiver showed significant performance loss, but per user timing detection shows good robustness to timing offset. However, compared to synchronous transmission with joint detection receiver, there is still some loss.  
Observation 2: NOCA can support asynchronous transmission for UL contention based transmission usage.
Proposal 2: Performance evaluation for asynchronous transmission should take into account receiver and timing offset requirement from asynchronous transmission scenario.
4	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, synchronization requirement and performance analysis are investigated, and the following observations and proposals are made:
Observation 1:  Implementation specific technique can overcome the side-effects due to asynchronous transmission in certain degree. 
Observation 2: NOCA can support asynchronous transmission for UL contention based transmission usage.
[bookmark: _GoBack]Proposal 1: Further synchronization categorization according to application scenario is needed.      
Proposal 2: Performance evaluation for asynchronous transmission should take into account receiver and timing offset requirement from asynchronous transmission scenario.

Appendix:
	Simulation parameters  

	Spreading factor
	12

	PRB 
	12

	System BW (MHz)
	10

	MCS
	QPSK,1/2

	payload size (No. of bits)
	156

	Channel model  
	ETU

	TTI length
	1 ms

	Symbol number per TTI
	14

	Subcarriers per PRB
	12

	Waveform 
	CP-OFDM

	Carrier frequency 
	2.0 GHz

	Channel estimation
	ideal

	UE speed 
	3.0 km/h

	Channel model
	ETU

	Antenna configuration 
	1T * 2R

	Timing offset modelling
	Random distribution within one CP, two CP, and half symbol
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