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1   Introduction
In previous meetings, the analysis of D-SR performance for background traffic was proposed in some papers and relevant evaluation results [1] were captured in TR 36.822, which show the low utilization of SR for background traffic. The packets of IM traffic are also generally sparse as background traffic, and the PRBs consumption is inefficient due to low usage of SR. 
In this paper, we provide some evaluation results on D-SR performance for IM traffic, as well as some further analysis and comparison on the potential solutions for increasing PUCCH usage efficiency. 
The final proposal is to extend the D-SR period, to increase the PUCCH usage efficiency for background and IM traffic, and then make sure that more UEs can camp in one cell at the same time.
2   Evaluation Results 
2.1 PUCCH usage and UL PRBs overhead
When a UE is in connected mode, a dedicated and periodic SR resource is typically allocated for the purpose of sending a scheduling request. Once a D-SR is configured, this determines some fixed overhead, related to the SR periodicity and number of UEs in connected state. Besides scheduling requests, the PUCCH includes CQI and ACK/NACK as well. Table 1 below shows how many PRBs are used for PUCCH, depending on the chosen SR period and the number of UEs in connected mode. The same assumptions made in Section 5.1 of TR 36.822 are considered here: the CQI period is set equal to the SR period; it is assumed that one PRB can accommodate 18 SR or A/N, or 12 CQI reports; and 43 CCEs for PDCCH. IM trace 40 (as described in TR 36.822) is considered in all the following evaluations.
Table 1: PRBs allocated for PUCCH
	SR period 

UEs per cell
	20ms
	40ms
	80ms
	160ms
	320ms

	200
	3.78
	3.08
	2.74
	2.56
	2.48

	400
	5.17
	3.78
	3.08
	2.74
	2.56

	600
	6.56
	4.47
	3.43
	2.91
	2.65

	800
	7.94
	5.17
	3.78
	3.08
	2.74

	1000
	9.33
	5.86
	4.12
	3.25
	2.82

	2000
	16.28
	9.33
	5.86
	4.12
	3.25

	4000
	30.16
	16.28
	9.33
	5.86
	4.12


According to this evaluation we can see that the PRB consumption may decrease significantly if the SR period is extended to 160 or 320 ms, especially when the number of UEs per cell increases. For instance, for 4000 users in connected mode, the PRB consumption goes from 9.33 (with 80ms) to 4.12 (with 320ms). 
Observation 1: PRB consumption may decrease significantly if the SR period is extended to 160 or 320 ms
Table 2 below provides an indication of the UL PRB overhead, defined as the sum of PUCCH PRBs (for D-SR) that need to be reserved for a set of users within the cell, divided by the sum of PUSCH PRBs needed to carry their user plane data.
Table 2: UL PRB overhead

	SR period 

UEs per cell
	20ms
	40ms
	80ms
	160ms
	320ms

	200
	33.00
	26.88
	23.92
	22.32
	21.65

	400
	27.93
	20.45
	16.64
	14.81
	13.83

	600
	22.88
	15.60
	11.98
	10.16
	9.25

	800
	21.65
	14.10
	10.31
	8.40
	7.47

	1000
	20.24
	12.71
	8.94
	7.05
	6.12

	2000
	18.05
	10.34
	6.50
	4.57
	3.60

	4000
	17.18
	9.27
	5.31
	3.34
	2.35


It can be seen that the UL Physical Resource Block (PRB) overhead decreases significantly when the SR period is extended to 160 or 320 ms.
Observation 2: The UL Physical Resource Block (PRB) overhead decreases significantly when the SR period is extended to 160 or 320 ms.
2.2 Latency 
Increasing the SR period might have an impact on the overall performance, and namely on the latency. Figure 1 below shows the latency with different SR periods and for two different values of UEs in connected mode. It can be seen that the latency is the same for the considered values of UEs in connected mode and it is close to 220ms when the SR period is set to 320ms. Further extending the SR period (e.g. to 640ms or even higher values) would cause the latency to exceed 300ms, which can be considered as a threshold imposed by the QoS requirement. It is then believed that the maximum SR periods should be restricted to 160/320ms, which would allow the latency to remain lower than 300ms.
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Fig.1: Latency with different SR Periods and number of UEs in Connected mode per cell 
Observation 3: SR periods up to 160/320 ms are still acceptable in terms of latency (for background / IM traffic).
3   Discussion on PUCCH optimization
In the previous meeting, and in the [77bis#26] email discussion on ‘L1 uplink control signalling’, some solutions were proposed aiming at PUCCH optimization [2]-[6]. In this section we provide some analysis and comparison of these solutions and present some further considerations.

The following are the potential solutions proposed so far:

Alt 1: No specification effort is needed. Implementations based on current mechanism are enough, e.g. using flexible PUCCH configuration to fit for UE traffic, or using fast PUCCH release, or using aperiodic CQI to replace periodic CQI resource reservation. 

Alt 2: Extend the SR period or CQI period, and apply longer period configurations to save PUCCH resource consumption.

Alt 3: UE initiates the message to request PUCCH release depending on its internal information.
Alt 4: Mechanisms allowing smart PUCCH resource sharing among multiple users.

Alt 5: Temporary SR (T-SR) that can be triggered by certain traffic situations to temporarily shorten the SR interval.
Alt 6: Simultaneous usage of D-SR and RACH for SR transmission by RRC Connected UEs
In the following table we analyze the pros and cons of the above solutions:

Table 3: Analysis of PUCCH optimization alternatives
	Alternative
	Pros
	Cons

	1
	No specification impacts.
	More RRC re-configuration signaling overhead.

Additional random accesses when UL data arrives but no PUCCH configuration.

Impacts to DL channel estimation quality by using aperiodic CQI to replace periodic CQI when UE moves fast.

	2
	Fits for background traffic and IM traffic, increasing the PUCCH efficiency for SR and CQI.

Small specification impact.
	Possibly increased latency, but to acceptable values for background and IM traffic.

	3
	Small specification impact.
	More RRC signaling overhead to reconfigure PUCCH in case new data arrive.

Additional random accesses when UL data arrives.

	4
	Increase the capacity of SR

Ensures the latency requirements
	Impacts to the system performance due to PUSCH collisions need further evaluations.

Causes wasted resource due to PUSCH collisions and useless re-transmissions.

High latency for the UEs who fail the PUSCH competition (unnecessary retransmission and waiting for new UL grant).

Introducing huge system complexity (e.g. solving collisions, UL grant detection, re-transmission procedure ) and specification impacts (e.g. new RNTI, collision resolving procedure)

	5
	Can reduce the latency for background traffic, when SR period is set to a large value
	Bigger specification impact. 


	6
	Can reduce the latency for some specific traffic
Small specification impact
	It may increase the collision probability on RACH when lots of UE camp in the same cell.
It has an impact on the idle to connected mode transition times


According to the analysis above, it seems that extending the SR (and CQI) periods is a reasonable way to decrease PUCCH resource consumption and increase efficiency of PUCCH usage. This method might increase latency, but to acceptable values (for background and IM traffic), if maximum SR period is set to 160ms or 320ms.
Proposal 1: It is suggested to extend the maximum SR period to 160ms/320ms.
4   Conclusions
Observation 1: PRB consumption may decrease significantly if the SR period is extended to 160 or 320 ms
Observation 2: The UL Physical Resource Block (PRB) overhead decreases significantly when the SR period is extended to 160 or 320 ms.
Observation 3: SR periods up to 160/320 ms are still acceptable in terms of latency (for background / IM traffic).
Proposal 1: It is suggested to extend the maximum SR period to 160ms/320ms.
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