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1 Introduction
During last RAN2#77bis meeting, there were evaluations on the low utilization ratio of PUCCH resources, and the analysis on optimization alternatives was presented.
In this contribution we will give some further considerations on UL resources optimizing solutions.
2 Discussion
PUCCH efficiency analysis
From [1], the evaluation of the SR usage efficiency is given in Table 1.

Table 1 PUCCH utilization ratio for SR
	Traffic Type
	Mean Packet Interval(ms)
	SR usage ratio

	
	
	80ms period
	10ms period
	5ms period
	1ms period

	Background (of IM) 
	6253
	0.67%
	0.08%
	0.04%
	0.008%

	IM 
	1905
	2.46%
	0.31%
	0.15%
	0.03%

	Gaming 
	44
	---
	22.7%
	11.4%
	2.3%

	VoIP 
	20 (160ms for SID frame, 50% activity factor is assumed)
	---
	31.3%
	15.5%
	3.1%

	Video Telephony 
	40
	---
	25%
	12.5%
	2.5%

	Web Browsing 
	2000
	3.3%
	0.04% 
	0.02%
	0.004%

	FTP 
	1000
	15%
	1.9%
	0.96%
	0.19%


It can be observed that utilization ratio of SR resources is quite low, especially for those traffic types with small data packets and long interval, e.g. 0.08% for background with 10ms SR period. It is noticeable that CQI and ACK/NACK feedback on the uplink also consume PUCCH PRBs. If eNB encounters a large number of users simultaneously in RRC-connected state the overall PRB consumption goes high while the utilization ratio for SR is still low.
Due to the limitation on the uplink radio resource, the utilization of the PUCCH should be improved to enhance the uplink resource efficiency.

Observation 1: low PUCCH resources utilization ratio is an issue and solutions for PUCCH optimization should be studied.
Potential Solutions
So far several potential solutions have been proposed as following:
Alt1: Mechanisms allowing larger SR periods for background traffic.
Alt2: UE initiates the message to request PUCCH release depending on its internal information.

Alt3: Mechanisms allowing smart sharing PUCCH resource among multiple users 

Alt4: UE informs some traffic related information to assists eNB adjusting PUCCH configuration 
Analysis of these solutions is given in Table 2.
Table 2 Analysis of different alternatives [2]
	Alternative
	Pros
	Cons

	1
	Fits for background traffic, increasing the PUCCH efficiency for SR and CQI.

Small specification impact.
	Possibly increased latency.

	2
	Small specification impact
	Need more RRC signalling overhead to reconfigure PUCCH in case new data arrives.

Additional random accesses when UL data arrives.

	3
	Increasing the capacity of SR

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

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

It causes big latency to the UE who fail the PUSCH competition (unnecessary retransmission and waiting for new UL grant).

Introducing big system complexity and specification impacts 

	4
	Small specification impact,

Easy to achieve, low complexity
	None (but details of the UE assistance information, and actual benefits, still unclear)


It can be observed that compared with the first three solutions with obvious disadvantages, Alt 4 is a acceptable approach. However, what kind of UE information is useful and how to obtain them should be considered further. 
Considerations for SR usage enhancements
From captured traffic traces in [3], inter arrival time (IAT) value of one trace varies from dozens of milliseconds to tens of seconds and IAT values will become more complex in case of multiple applications running at UE. Because of the large discrepancy of the packet intervals, request for UL resource will be different according to the traffic types. So in order to fit for different transmission requirement and re-configure SR when UL transmission changes, a reasonable SR resources optimization scheme should be a flexible mechanism, which is able to dynamically adjust SR period to improve the SR usage efficiency.
Proposal 1: SR optimization should consider the flexible SR configuration mechanism to fit for various traffic characteristics and reconfigure SR during transmission phase.
UEs have no idea about the PUCCH resource utilization situation of the whole network, while eNB can monitor SR resource utilization for each UE and also the whole network. Then network can do the reconfigurations based on the monitoring results. E.g. increase SR period for UEs with low SR usage ratio and decrease SR period for UEs who may encounter transmission delay. Thus, SR configuration decisions should be made by eNB to fulfill each UE’s requirement as much as possible. Moreover, as eNB can achieve the per-user SR utilization information itself, there is no need for UE to report such information.  
Proposal 2: It should be the network to do the SR optimization decisions for UE, and no UE assistant information needed. 
Moreover, there are also some approaches can be considered to improve flexible PUCCH configuration to fit for UE traffic, e.g. eNB configures multiple SR periods for each UE and deploying timers at both eNB and UE. eNB should monitor current SR usage situation, if there are very few SR resources used by the UE before timer expires the UE will goes into larger SR period. On the other hand, larger SR period means that UE may encounter extended packet delay. Therefore, it is necessary to take the tradeoff between SR resource utilization ratio and transmission delay into account during SR optimization. 
Proposal 3: A flexible SR configuration should consider the balance between SR resource utilization ratio and transmission delay.
3 Conclusion

In this contribution, we presented some further considerations on PUCCH enhancement. We proposed that 
Observation 1: low PUCCH resources utilization ratio is an issue and solutions for PUCCH optimization should be studied.
Proposal 1: SR optimization should consider the flexible SR configuration mechanism to fit for various data characteristics and reconfigure SR during transmission phase.

Proposal 2: Proposal 2: It should be the network to do the SR optimization decisions for UE, and no UE assistant information needed.
Proposal 3: A flexible SR configuration should consider the balance between SR resource utilization ratio and transmission delay.
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