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1
Introduction
In last meeting, a TP on PUCCH evaluation [1] was agreed to be included in the TR [2], including the following:
· For most traffic, the usage ratio of PUCCH allocated for SR is very low.
· The D-SR periodicity will also impact user experience and this aspect should be taken into account.
In this contribution, we consider a way to improve the better trade off between uplink capacity and user experience. 
2
Discussion

2.1
Trade-off between SR delay and uplink resources

Devices running always-on applications may remain connected for a long time. While background data are not delay sensitive, there is still the need to ensure quick reaction time for any user interaction. Each user input may initiate a new transmission so it is desirable to keep the latency short of this new transmission at all times.

To achieve a certain mean SR delay, a certain number of uplink PRBs must be reserved for SR at each TTI (see [1]).
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Figure 1: PRB allocation for SR in relation with the mean SR delay

To ensure a mean SR delay of 19ms, the PUCCH allocation for SR is taking 4% of the uplink resources for 300 UEs, 8% for 600 UEs and 12% for 900 UEs. Reducing the mean SR latency further to 14ms would take 8%, 16% or 20% of uplink resources. 

2.2
Shared resources for SR
Because of the lower SR utilization especially for background and instant message traffic, a simple way to save uplink resources is to share one SR resource between several UEs.
Figure 2 illustrates how SR resources could be shared (as already descibed in [3] and [4]).
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. the eNB allocates a PUSCH grant;
4. The UE transmits the uplink data on the PUSCH.
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Figure 2:
Shared SR Procedure

By sharing the same SR resource between N UEs, the number of uplink PRBs for SR is divided by N (roughly). The figure below illustrates the saving of uplink PRBs for N=2.
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Figure 3: PRB allocation for SR in relation with the mean SR delay (Rel-8 SR and shared SR between 2 UEs)
Note: in figure 3, the curve for 300 UEs using dedicated SR resources is hidden by the curve for 600 UEs using shared SR resources.

2.3
Collisions
If a collision occurs and the eNB cannot decode the PUSCH, the eNB may provide dedicated grants to all UEs sharing that SR resource as illustrated in figure 4.
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Figure 4:
Shared SR Procedure (collision case)

In this case, there is a small extra delay due to the and extra PDCCH resources are used.

The collision probability depends on the traffic. Assuming a Poisson distribution with inter-arrival time of 200ms, the probability is still below 0.1%. For UEs whose traffic consists in very frequent bursts, e.g. 40ms inter-arrival time, the collision probability would grow until 5%.

So the eNB may configure shared SR resources for most UEs and allocate dedicated SR resources for specific users (e.g. FPS games).

2.4
Standard impact

Sharing SR resources requires:

-
defining shared SR-RNTIs that UEs sharing SR will listen to.
-
modifying the HARQ procedure to allow switching from shared SR-RNTI to C-RNTI for retransmission of a TB.
3
Conclusion
We evaluated the amount of uplink resources required to ensure a certain mean SR delay. With a growing number of users, the amount of such resources can become significant (e.g. 20% for 14ms SR delay and 900 connected UEs),

We described a way to divide by 2 the amount of uplink resources for the same mean SR delay.
Proposal: To reduce uplink resource usage, several UEs can share one SR resource.
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