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1 Introduction

During the discussion on eDDA at RAN2#77bis it was agreed to have an email discussion to address the benefit/need of enhancements to L1 uplink control signalling.
This document summarizes the outcome of the email discussion, reporting companies’ views on the following issues:

· Benefit/need for PUCCH enhancements

· Possible PUCCH enhancements

· Benefit/need for RACH enhancements

· Possible RACH enhancements

2 Discussion
2.1
Benefit/need for PUCCH enhancements

In the past few meetings, a few papers presented some PUCCH performance evaluations (in particular on PUCCH resource usage for SR), indicating that some PUCCH enhancements might be useful. 

Companies’ views on the benefit/need for PUCCH enhancements are reported in Table 1 below. Possible indications of preference on the specific PUCCH enhancements are then collected in Section 2.2.
Table 1. Views on benefit/need for PUCCH enhancements

	Company
	Comments

	ZTE
	As shown in a number of papers in previous meetings, and as already captured in TR 36.822, SR usage efficiency can be quite low (especially for background traffic), even if the longest available SR periods are considered. A very low SR usage ratio means a waste of UL PRBs. Considering this, it is believed that some PUCCH enhancements might be useful.

	RIM
	The current dedicated SR mechanism using PUCCH does not scale well for a large connected mode UE population and hence enhancements are needed for SR (or RACH). If a solution is specified in Rel-11, a simple solution is preferred given the timescales. Depending on the chosen solution for Rel-11, further investigations for a more complete and a complimentary solution for Rel-12 shall be allowed. 

	RME
	Agree with ZTE. The captured evaluation results in TR 36.822 shows the SR usage efficiency could be very low especially for background traffic even the longest SR periodicity is configured. Besides, as discussed in our paper R2-121484, the PUCCH resource reserved for SR is considerable large when the number of UEs is large. In this sense, the PUCCH enhancement might be necessary to cope with more diverse traffic and large number of UEs.

	CATT
	We do not see a strong need for the enhancement of PUCCH enhancement. According to the simulation results capture in TR 36.822, the usage efficiency of D-SR may need to be considered while UE is running IM or Background service. However, as D-SR which could be configured along with the configuration of RA-SR is not a standalone solution, we should probably consider the possibility of using RA-SR and evaluate the performance of RA-SR. 

	NTT DOCOMO
	No enhancement will be needed.

In our understanding, the problem is a lack of PUCCH resource due to waste of PUCCH that is caused by low usage of SR. However, a lack of PUCCH resource seems to be rare when TAT is set appropriately. With the appropriate TAT, there is enough PUCCH resource for SR to accommodate the large number of RRC_CONNECTED UEs. For instance, 360UEs/ PRB, where SR periodicity = 20ms. If the number of simultaneous RRC_CONNECTED UEs exceeds the SR capacity, a longer SR periodicity could be adopted or more PRB is allocated to PUCCH at the expense of SR transmission delay or PUSCH resource. 

So, the current SR configurations seem enough to ensure the capacity of PUCCH resource. That's why there seems no need of any enhancement of PUCCH.

	NNSN
	Both UE power consumption and network PUCCH resource usage should be taken into account. 

· Periodic CQI transmitted on PUCCH consumes significant UE power and thus unnecessary CQI transmissions should be avoided especially for UEs that only have infrequent background traffic. Same applies for periodic SRS (which strictly speaking is not sent on PUCCH). For both CQI and SRS, current specification provides aperiodic alternatives. 

· Dedicated SR does not consume UE power when there is nothing to schedule. But from network point of view, dedicated SR resource is utilized inefficiently especially for background applications, as seen from the TR. Thus it is expected to enhance the PUCCH resource usage to accommodate more users. 

Keeping several UEs with background traffic only in RRC connected mode requires lot of PUCCH resources. Thus there may be a need for enhancements, especially for SR.

	LG
	We see some benefit in enhancing behavior regarding SR procedure. First of all, we can try to enhance the usage rate of PUCCH resource. Saving of PUCCH resource leads to more UL capacity. Secondly, we can consider SR procedure optimization to reduce UE battery consumption. With the current DRX mechanism, UE monitors unnecessarily longer during SR procedure.

	China Unicom
	According to our evaluation and as captured in TR 36.822, SR utilization ratio is quite low, especially for background and IM traffic. With the largest SR period 80ms is configured, SR still consumes considerably large number of UL resource in the case with large number of UEs. Due to the considerable UL resource consumption of PUCCH and low SR utilization ratio, enhancement of PUCCH is needed and useful. 

	Huawei, HiSilicon
	We would like the expected scenarios to be discussed more, including:
- the number of UEs with background traffic that could be accommodated in a cell
- the acceptable level of uplink control resource overhead
- network strategies for resource allocation (PUCCH, RACH)


E.g. with 6000 UEs having traffic with inter-arrival time of 20s, around 5 PRBs/TTI are required whether PUCCH or RACH is used to initiate uplink data transmissions (assuming collision probability is < 1%). With these assumptions, if TAT expiry is used to reduce PUCCH resources, the total resources for RACH+PUCCH will be the same.

Note: In [5], the "collision probability" does not match with the usual definition. The RA collision probability according to the usual definition for the assumptions in [5] with 4000 UEs is somewhere between 6% and 9%.

Rather than quickly saying yes or no, we should try to reach a common understanding of the scenarios so that we can concluded if anything is needed and what. 

	AT4 wireless
	No comment

	InterDigital Communications
	It is expected that the number of UEs with background traffic in a cell is likely to increase. Therefore, enhancements to the scheduling request procedure should be considered, both for dedicated resources (D-SR) and for shared resources (RA-SR). PUCCH resource utilization should be considered first.

	
	

	
	

	Intel
	It is shown that SR utilization is very low for background traffic. For background traffic (delay tolerant) increasing the SR period will be beneficial to improve the SR utilization.  


2.2
Possible PUCCH enhancements

Based on the contributions at RAN2#77bis, the rapporteur suggested to group the possible PUCCH enhancements proposed so far into the following categories:

a) Optimized PUCCH configurations achieved via RRC signalling. This alternative includes:

a1) Introduction of longer SR periods

a2) Introduction of more complex (e.g. non-uniform) patterns for SR opportunities

b) Optimized PUCCH configurations achieved via MAC signalling. This alternative includes:

b1) 'Temporary SR' (as described in [1]: ‘The proposed improvement is to introduce a temporary SR (T-SR) that can be triggered by certain traffic situations to temporarily shorten the SR interval without requiring a very high PUCCH load. When a user has downlink data the user is also likely to have uplink data, and SR:s would be sent to request a UL grant. Therefore, the SR resources could be temporarily allocated/triggered by downlink data (configured by MAC). The T-SR is effective until a timer expires (the periodicity/timer length could be traffic specific)’)

c) Mechanisms allowing dynamic sharing of PUCCH resources among multiple users

d) Simultaneous usage of D-SR and RACH for SR transmission by RRC Connected UEs (as described in [2]: ‘we propose to have long D-SR for support of SR from background traffic while SR on RACH for SR request due to other purposes (e.g.: measurement report and high priority data arrival)’)

e) Explicit UE request to release its PUCCH depending on UE internal considerations (Proposal taken from [3]) (Note that the alternative where the network initiates a PUCCH re-configuration based on more generic traffic related information / UE mobility information received from the UE can be part of the separate discussion on UE assistance information). 

Companies’ comments and possible preferences on the specific PUCCH enhancements are reported in Table 2 below. 

Table 2. Comments/preferences regarding the possible PUCCH enhancements listed in Section 2.2

	Company
	Comments

	ZTE
	We are open to consider other improvements, but as a minimum we believe that alternative a1) ‘introduction of longer SR periods’ should definitely be considered. 

	RIM
	In general, many solutions proposed thus far require further study. It is suggested that we proceed with further investigation into the comparison of the various proposals.

a1)  Not preferred. This may mitigate some of the problems with utilization of PUCCH resources, but will result in unnecessarily large latency for SR. 

a2) Not preferred. The details of how this solution works is unclear. 

b1) This has advantages over a fixed long SR period. The gains and functionality need to be evaluated and understood further. 

c) This is an interesting proposal. Further clarity is needed regarding how the solution works, its scalability, and the performance gains.   

d) Also an interesting proposal but any increase in collision probability on RACH should be evaluated further. 

e) This is a good option and should be treated also as part of UE assistance information. Any increase in collision probability on RACH should be evaluated further.

	RME
	From our point of view, “introduction of longer SR periods” would be a good enhancement to decrease the PUCCH resource overhead. This is because of the larger packet interval of background traffic (or other similar traffic) and considerable large UE number for e.g. MTC service. 
We are open to other options such as b1 and d, as it could be used as further improvements to shorten the packet delay and improve the performance in case long SR is configured.

	CATT
	We are also open to most solutions. But we think the complexity of a solution which could be adopted should be minimized. We are not expecting a complicated solution potentially bringing more issues.

	NTT DOCOMO
	As we expressed our views in Table 1, PUCCH capacity problem is not foreseen. With regards to a1) which is considered as the simplest, optimized SR period for background traffic is questionable. The eNB needs to know whether the UE has background traffic only or other traffic (voice, web browsing, etc.). Even if the eNB can obtain such information, the dedicated SR periodicity has to be configured per UE, which seems much complicated.

	NNSN
	RRC reconfiguration of longer SR period is a simple starting point for more efficient SR resource usage. Even longer periods (a1) than available today could be considered. Longer SR period, however, causes more delay for UL data. Therefore, some enhancements may be needed. Here, for example the following options could be considered: b) Optimized PUCCH configurations via MAC signaling e.g. using MAC signaling to activate, terminate or change PUCCH configuration, looks promising; and d) type of solution could be considered as well. We are open to study and consider other improvements as well.

	LG
	We need to make a good compromise among UE latency, SR resource efficiency, SR periodicity. In most case, UL activity follows shortly after DL activity. This is a moment when the usage rate of SR resource is high. In this sense, quick (de-)allocation of SR-resource in short period seems useful. 

	China Unicom
	We prefer the via RRC signaling solutions, but open to all the other possible enhancements.  

Solution a1) “ Introduction of longer SR periods” should be the baseline to improve the low utilization ratio of DSR. While more flexible SR configuration should be considered to match the variance of the UE traffics according to the information eNB can obtained or from UE report.

Solution d) may induce large collision probability on RACH, especially for large number of users. Thus, the gain of this solution should be evaluated
Solution e) is efficient for the case that UE is sure that there is no UL packet in a long time. The performance of this solution depends on the accuracy of the UE prediction of its traffic. The final decision on whether UE releases PUCCH resource should be done by eNB. UE can send request or other kinds of assistant information over UL.

	Huawei, HiSilicon
	As said in 2.1, we need to reach a common understanding of the scenario and possible network behaviours in order to decide if improvements are needed and judge which one may be suitable.

For information, we described another option in R2-120503 [18].

	AT4 wireless
	No comment

	InterDigital Communications
	More study and better understanding of the possible solutions are needed. Simply increasing the D-SR period may not be the most optimal approach in terms of latency. A solution based on a combination of dedicated (D-SR) and shared resources (RA-SR) similar to what is proposed with d) looks most promising. This introduces some form of partitioning of SR resources between SR for background traffic and SR for higher priority data. This form of partitioning may also be useful to condition the SR request for background data, and to provide a possibility for UEs to implement some form of synchronization for when different applications may generate background data.

Possibly, solution d) may also be combined with non-uniform SR patterns, such that a number of SR occasions may be grouped in time to allow SR retransmissions with acceptable latency if needed.

One question for D-SR is however whether or not it can be assumed that the UE will be kept UL synchronized, such that PUCCH resources for D-SR will remain valid over a long period with only background traffic. Another question is whether or not an increase in PRACH collision probability due to increased background traffic in a cell is acceptable. If not, some improvements may need to be considered for PRACH as well.

	Intel 
	We believe that “introduction of longer SR periods’ needs to be considered.


2.3
Benefit/need for RACH enhancements

During the past meetings, a few papers also presented some RACH performance evaluations (in the scope of the eDDA discussion), and discussed the need for RACH enhancements. 

Companies’ views on the benefit/need for RACH enhancements are reported in Table 3 below. Possible indications of preference on the specific RACH enhancements are then collected in Section 2.4.
Table 3. Views on benefit/need for RACH enhancements

	Company
	Comments

	ZTE
	Considering the evaluations and simulation results shown so far on this issue, it is believed that RACH enhancements are not an immediate priority for eDDA in Rel-11.

	RIM
	Solutions like d) and e) in section 2.2 may impact the collision probability for RACH access. Any increase in this collision probability would be undesirable as this has a direct impact on the idle to connected mode transition times and other critical functions. However, we feel that there has been insufficient evaluation of RACH based SR enhancements and further study is required.

	RME
	We do not see the high importance to enhance RACH in Rel-11, and also consider the deadline for Rel-11 will come soon.

	CATT
	We are evaluating the performance of RA-SR while running IM or Background. According to our evaluation, the performance and the cost of RA-SR is acceptable. Then, there is no need to enhance RACH.

	NTT DOCOMO
	No enhancement will be needed. As shown in [5], the probability of PRACH collision is less than 1% even if there are more than 4000 background UEs.  So the current PRACH seems enough for the background traffic.

	NNSN
	We do not currently see any needs for RACH enhancements.

	Huawei, HiSilicon
	As said in 2.1, the answer should come from a careful analysis.

From our analysis, RA resources seem less efficient than dedicated resources so there may be more gains to improve PUCCH resource allocation. However, this depends on what scenario we want to address.

	AT4 wireless
	There are MTC applications that transmit real-time and very small data packets that require extreme low-latency. In some cases (e.g. sensory real-time information) the latency provided by the current LTE UL access method is not sufficient so other alternatives should be investigated for these applications. RACH may be enhanced to allow transmission of small data packets. If not for Rel-11 solutions like this should be investigated in Rel-12.

	InterDigital Communications
	We have a similar view as expressed by RIM (increase in collision probability should be evaluated), but have similar concerns as those expressed by RME (this is not critical for R11 timeframe).

	Intel
	From our analysis [17], we think there is no need for enhancements on PRACH for background traffic. 


2.4
Possible RACH enhancements

The following RACH enhancements can be considered:

a) Use of RACH to transmit data for MTC: The idea would be to enhance RACH so that it can transport real-time and small data packets (up to 50 bytes) for MTC packets that require extreme low-latency (e.g. sensory real-time information). There are two related problems: (i) how the resource allocation is done for RACH: static through RRC, or (semi-)dynamic through MAC, (ii) how the collision probability is reduced. 
b) ... 

Companies’ comments and possible preferences on the specific RACH enhancements (if any are suggested) are reported in Table 4 below. 

Table 4. Comments/preferences regarding the possible RACH enhancements listed in Section 2.4

	Company
	Comments

	AT4 wireless
	AT4 wireless is a partner of the EU FP7 Project LOLA (Achieving Low-Latency in Wireless Communications) consortium. LOLA is currently investigating and evaluating the use of RACH to send some real-time data that requires short latency that cannot be achieved by the existing LTE UL access method. In such cases, the first u-plane MAC PDU (encoded UL-SCH data) can be sent through RACH to minimize the UL channel access latency. For small packets (~ up to 50 bytes, e.g. sensory real-time information), the overall latency is significantly reduced. For the big packets, the latency of the first set of packets is greatly reduced.
Preliminary simulation results are very promising: latency gain (with respect to current UL access method) is approximately 75% when varying the number of nodes from 50 to 100, 250, 500, 750, 1000, and 1250 (for SISO). 

This is also in-line with the approved SI on provision of low-cost MTC devices based on LTE and the WI on system optimizations and overload control for MTC.


4
Conclusion

Twelve companies joined the email discussion.
The majority of the companies who expressed an opinion on PUCCH enhancements believe that some sort of PUCCH optimization is needed, especially for SR. Two companies believe that no enhancements are needed, while one company indicated that the relevant scenarios should be further discussed first.

Among the companies who indicated that PUCCH enhancements are needed there is slight preference for introducing longer SR periods. Among these companies, some believe that this option should only be a starting point and further enhancements should be considered. The other enhancements that received more support are, respectively: the combination of dedicated (D-SR) and shared resources (RA-SR), and the use of MAC signaling to activate, terminate or change PUCCH configuration.
Regarding RACH enhancements, most companies believe that they are not needed (in Rel-11), while two companies think that at least some further evaluations would be required. One company indicated that for some applications (e.g. sensory real-time information) the latency provided by the current LTE UL access method might not be sufficient, so that RACH should be enhanced to allow transmission of small user plane data packets (at least in Rel-12, if not for Rel-11).
Based on the e-mail discussion, the following proposals are then suggested:
Proposal 1: The definition of methods to achieve PUCCH enhancements, in particular for SR, should be part of the eDDA normative work. One of the candidate solutions is the definition of longer SR periods.

Proposal 2: The investigation of the need (and then the potential solutions) for RACH enhancements is not an immediate priority for eDDA, and it could postponed to Rel-12.
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