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1 Introduction
In RAN46 meeting, a WI on latency reduction was agreed. And before that, some delay reduction options such as shortening SR period and contention-based PUSCH were discussed[1][2]. In this document, we propose to consider a method to reduce the SR delay while keeping PUCCH-SR overhead small by sharing it across several UEs.
2 Discussion

In Rel-8, the SR resource and sequence is allocated to a UE via RRC signaling. Of course shorter SR periodicities come at the cost of higher PUCCH resource consumption.  The theoretical SR capacity is 18 UEs per PRB, if 180 UEs are supported, the number of PRB equals 180/18 = 10. If 10MHz bandwidth is assumed with 1ms SR period, 20% resource will be used for SR, which is a heavy control channel burden. 
We note that in most cases, the allocated SR is not used by the UE (e.g. when the UE has no data to transmit or the UE has valid PUSCH grant, etc.). Hence we propose to consider sharing the SR resource among more than one UE.
2.1 Sharing SR

Figure 2 illustrates how SR could be shared 
1. The eNB configures the same SR resource for several UEs through RRC signalling;
2. The UE(s) sends SR to the eNB using the configured SR resource;
3. If there is no collision SR, the eNB allocates a PUSCH grant;
4. The UE transmits the uplink data on the PUSCH.
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Fig.2
Contention based SR Procedure
Two options can be considered to enable sharing SR:
· Option1: address the UL Grant to a new SR-RNTI (Shared SR RNTI), configured per group of sharing UEs. 
· Option2: use PUCCH Format 1a and/or Format 1b for SR. For example, when Format 1a is used, 2 UEs can be identified; with for Format 1b, 4UEs can be identified. After the eNB receives the SR using format 1a and/or 1b, it can allocate a regular UL grant to the identified UE.

We now discuss the handling when more than one UE uses the same PUCCH-SR resource in a TTI (collision).

For option1, the eNB may not be able to tell when a PUCCH-SR collision happens; it grants resources for UL transmission and more than one UE uses it. The PUSCH transmission will fail. The eNB could in this case provide grants to the C-RNTIs of each UE sharing that resource or do nothing. The UE may send SR again if no UL grant is received after sending SR, but needs to apply some (random or UE specific) delay, to avoid continued collision with another UE that would have sent an SR at the same time.  The efficiency of such solution depends on the collision probability and degree of robustness of the selected MCS in UL grant: (i.e. if the MCS is quite robust, a first non-colliding transmission is often decoded successfully, so a failed transmission could be assumed caused by a collision.)..
For option2, SR collisions likely results in DTX detection at eNB, so no uplink grant is given. The UE behavior can be similar as for option 1. It could be further studied if the eNB can differentiate between receiving a collision or receiving high interference. If the eNB can differentiate, it could allocate UL resource for all the UEs sharing the collided resource separately, which helps to reduce the access delay caused by backoff after collision.
Based on above analysis, it seems option2 provides simpler and more resource efficient SR collision processing mechanism than option1. In addition, no new SR-RNTI is needed in option2. 
Both options are inefficient in case PUCCH-SR collision occurs, but again, if SR period is short and few UEs share it, the collision probability remains low.
2.2 Performance comparison

This section compares the performance of shortening SR period, CB-PUSCH and Sharing-SR.  
Each of the above schemes is compared based on:

· Use case:

: which scenarios the option is fit for;
· Latency gains

: how much reduction in latency the option provides;

· Resource usage

: how efficiently the allocated resources can be handled(both PUCCH and PUSCH resource);

· Collision probability
: how severe the collision is;
· Standardization efforts
: how much impact on the specifications is needed.
Table 1 Performance Comparison among Shortening SR/CB-PUSCH and CB-SR schemes
	Comparison Aspects
	Shortening SR
	CB-PUSCH
	Sharing-SR

	Use case
	All cases
	When the network has DL resource left unused, i.e. in light system load
	All cases

	PUCCH Efficiency
	 The number of PRB consumed per frame for SR equals(Number of UEs/SR period(ms)/36), which limits the UEs number connected to the network.
	No more PUCCH resource consumed
	PUCCH resource can be shared among two or more UEs

	Uplink Delay
	TSR=0.5+1+4+4 =9.5ms;
	If no collision, TCB1=0.5+1+4=5.5ms

If collision, TCB2 = n*5.5ms + Tbackoff1+…+Tbackoffn-1>>5.5ms
	If no collision, TS-SR1= TSR =9.5ms;

if collision, TS-SR2= n*9.5ms + Tbackoff1+…+Tbackoffn-1>>9.5ms

	PUSCH collision Prob.
	No collision
	determined by the available resource and data transmission requirement
	Depends on SR collision probability. Can be kept low

	Standard
 Impact
	No impact on Rel-9
	High
	Low


Similarly to [2], the theory collision probability was be calculated as 
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, where G is the average offered load per TTI. The Figure 3 below illustrates the collision probability for 1-20 users sharing one SR.
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Figure 3: collision probability given number of UE on the same SR resource

3 Conclusion
This paper proposes a mechanism to share PUCCH-SR among UEs, in order to improve the resource efficiency and provide delay reduction. This is compared with CB-PUSCH and we conclude that CB-PUSCH provides best delay performance when the eNB has unused PUSCH resource. When the network is loaded, sharing SR is preferred. So, we propose RAN2 to consider further schemes to share PUCCH-SR among UEs.
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