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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#86, the following agreements were achieved for UL grant-free transmission [1]:
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC

· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied
· Opt. 1: a UE performs random resource selection
· Details FFS
· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined
· Details FFS
· Other options are not precluded

· Continue study at least the following: 
· Handling of  potential collisions of MA signatures
· Retransmission/repetition and potential combining, e.g. HARQ
· Potential link adaptation, e.g. MCS/signature re-assigning
· Relationship between grant-free and grant-based transmissions and associated UE behavior
· Advanced receiver capabilities including complexity analysis

· For NR non-orthogonal multiple access evaluation, realistic channel estimation is prioritized and the following aspects are considered 
· The proposed DMRS pattern(s), if any, for channel estimation
· FFS: DMRS overhead. E.g., LTE UL DMRS overhead can be used as a reference.
· FFS: DMRS contamination due to inter-cell interference
· FFS: Impact of DMRS collision in case of “autonomous/grant-free/contention based”  multiple access

DMRS and other RSs are critical for UL grant-free transmission. In this contribution, we provide our views on the RS design for UL grant-free transmission.
[bookmark: _Ref129681832]RS for LTE uplink
There are two types of RSs defined for LTE uplink: demodulation reference signal (DMRS) and sounding reference signals (SRS). Both of them are used for channel estimation, but the purpose is different. DMRS is for coherent demodulation of uplink physical channels, while SRS is mainly for channel-dependent scheduling and link adaptation. In this contribution, we only focus on the design of DMRS. 
The basic structure of each RS transmission is a frequency-domain sequence with constant power, and time multiplexed with other uplink transmissions from the same UE. At each subframe, different UEs in the same cell will be allocated with different RS sequences. The sequences apply different cyclic shifts or orthogonal cover codes (OCC) to the same base sequence, so that they are orthogonal to each other. Different base sequences which have low cross-correlation property are allocated to different cells, so that the inter-cell interference is reduced. 
RS design for UL grant-free transmission
In this section, we discuss the functionalities and requirements of RS for UL grant-free transmission. Define a time-frequency block for UL grant-free transmission for a group of users as grant-free access opportunity (GFAO). In the following of the contribution, we focus on the design of DMRS. SRS is discussed in a companion paper [2]. 
Functionalities of RS for UL grant-free
For UL grant-free transmission, eNB does not have prior information about which UEs will transmit. As usually UE will transmit RS along with physical channels, RS can assist eNB to figure out which UEs will transmit.  Figure 1 shows an example of receiver procedure for UL grant-free. First of all, eNB will have a potential UE list of  UEs. Based on the received reference signal, activity detection is performed to generate the active UE list of  UEs. As RS will only be transmitted by active UEs, RS is actually serving as the indicator of UE activity. After that, channel estimation is performed for the UEs in active UE list. Finally, with the estimated channel, data detection can be performed to decode the UE data. The data detection results can be feedback to the module of activity detection, so that the potential UE list can be updated.  
[image: ]
Figure 1. Example of receiver procedure for UL grant-free
When a UE performs random resource selection, eNB also does not have prior information about the MA signatures used by the UE, e.g. codebook, sequence, interleaver, and so on. In this case, predefined RS to signature mapping can facilitate the receiver procedure of eNB. As shown in Figure 2, each RS is mapped to one signature. When a UE choose one signature for transmission, it will use one of the corresponding RS sequences. At the eNB side, the RSs will be first detected, and then the corresponding MA signatures can be determined with the predefined RS to signature mapping.
[image: ]
Figure 2. Example of RS to signature mapping
Based on the above discussion, we have following observation and proposals:
Observation 1: For UL grant-free transmission, RS can be applied for activity detection and channel estimation.
Proposal 1: If UE randomly select resources, predefined RS to signature mapping should be studied, which can facilitate the receiver procedure of eNB.
Requirements of RS design for UL grant-free
 For a given RS pool for a group of UEs, the number of supported UEs can be much larger than the number of RSs within the pool, and RS collision may happen. If a UE’s resource is pre-configured by eNB or pre-determined, there is no RS collision, but the number of supported UEs is still limited by the number of RSs. When RS collision happens, eNB will regard the UEs transmit with the same RS as a ‘single UE’, the channel estimation will also be wrong, the data detection will suffer from high and unexpected interference, and usually the data packets will be dropped. Assume there are  RSs and  active UEs for each grant-free transmission, and then the collision probability experienced by a UE is given by

Figure 3 shows the collision probability with different number of active UEs and RSs in a GFAO. With more RSs, the collision probability is lower. For example, when the number of active UEs is 12, the collision probability will be 0.43 and 0.10 when there are 20 and 100 RSs, respectively. 
[image: ]
Figure 3. RS collision probability versus the number of active UEs
If there are a larger number of potential UEs, the UE arrival is a Poisson distribution and the arrival rate is , the RS collision probability experienced by a UE is the same as the random access collision probability analyzed in [3], which is given by:

Equation (1) shows the collision probability during a single transmission, while Equation (2) shows the collision probability of overall transmissions and holds only when the arrival process is Poisson. Table 1 shows the required number of RSs for a given arrival rate in a single GFAO, with collision probability in(2).  To achieve a low enough collision probability, a large RS pool is required. 
Table 1. Required number of RSs for a given arrival rate in a single GFAO
	Arrival Rate
 (packets/GFAO)
	1.0
	2.0
	4.0
	6.0
	8.0
	10.0

	
	10
	19
	38
	57
	76
	95

	
	100
	199
	398
	597
	796
	995

	
	1000
	1999
	3998
	5997
	7996
	9995

	
	10000
	19999
	39998
	59997
	79996
	99995

	
	100000
	199999
	399998
	599997
	799996
	999995



In LTE, DMRS occupies one symbol per time slot and the resource for RS is limited. With the limited resource, large RS pool with orthogonal sequences becomes infeasible. For example, if the transmission bandwidth is 6 RB, the length of RS sequence is 72. The maximum number of orthogonal sequences is 12 if the delay spread of fading channel is less than normal CP length. Thus, in order to obtain a large number of RSs, non-orthogonal RS sequences should be considered, which should have low cross-correlation so that the inter-UE interference is low. 
Low complexity is also required for RS design. As the number of RS increases, the complexity of activity detection and channel estimation may also increase. Thus, low complexity detection algorithm and corresponding RS design is required for UL grant-free transmission.
Based on the above discussions, we have following proposals:
Proposal 3: To support massive connections, the RS pool should be large enough compared to the number of active users to have low collision probability.
Proposal 4: Non-orthogonal RS sequences should be considered.

Conclusions
In this contribution, we provide our views on the RS design for UL grant-free transmission. According to the above discussions, we have following observation and proposals:
Observation 1: For UL grant-free transmission, RS can be applied for activity detection and channel estimation.
Proposal 1: If UE randomly select resources, predefined RS to signature mapping should be studied, which can facilitate the receiver procedure of eNB.
Proposal 2: To support massive connections, the RS pool should be large enough compared to the number of active users to have low collision probability.
Proposal 3: Non-orthogonal RS should be considered.
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