Page 1



3GPP TSG-RAN2 Meeting #60bis
Tdoc R2-080163
Sevilla , Spain, 14th – 18th January 2008
Agenda Item:

4.3.3
Souce:




Samsung
Title:




Regarding Persistent Resource Signaling
Document for:

Discussion/Decision
1 Introduction

Persistent scheduling has been adopted to reduce the L1/L2 control signaling for services like VoIP. An important point to be discussed in the persistent scheduling is how to signal the persistent resource. There are three options as listed below.
· Using RRC message

· Using MAC control message

· Using special PDCCH format
This contribution analyzes the pros and cons of each option, and proposes to use the special PDCCH format approach. 
2 Discussion
1. Using RRC signaling with long enough pending time
RRC message is the most reliable way to send important control information, of which reliability is guaranteed by L2 ARQ and the activation time. Even if a RRC message is lost at the first ARQ trial, ARQ operation will continue until the activation time. The activation time should be chosen in such a manner that the RRC message can get the enough number of ARQ retransmissions to achieve the desirable reliability. 
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Figure 1: Persistent resource signaling via RRC message
Hence, the length of the pending period until the activation time would be tens of msec, during which the persistent resource is not usable. Even with the optimistic assumption with ARQ RTT being 20 ~ 30 msec (including HARQ transmission delay, reordering delay, STATUS PDU scheduling delay and STATUS PDU transmission delay), pending period could be 40 ~ 60 msec to ensure one ARQ retransmission. 

As indicated in [1], we believe the persistent resource should be released (or modified) at switching to the silent period and reallocated at switching back to the talkspurt. If a RRC message is used to allocate the persistent resource, the persistent resource will not be allocated in time upon the transition. 
2. Using RRC signaling with no pending time
Considering the characteristics of the persistent resource mentioned above, it seems obvious that the previous option is not suitable. Then smarter approach would be to use the RRC signaling with the shorter pending time such that the activation time is set to 20 msec after. Even if the retransmission for the transport block containing RRC message goes beyond the activation time, the persistent resource can be allocated to the UE by the dynamic scheduling, therefore the persistent resource is always usable. 
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Figure 2: Persistent resource signaling via RRC message with the short activation time
The RRC message can be multiplexed with the VoIP packet in downlink, therefore the additional resource requirement is minimal in that direction. However one PDCCH and one resource block would be almost always required for the uplink persistent resource signaling. This will be analyzed in the next section with more detailes.
3. Using MAC signaling with no pending time
MAC control message could also be considered for the persistent resource signaling. It does not support ARQ, therefore the reliability of the MAC control message will be determined by the residual BLER after HARQ operation, which is same with the RRC signaling with no pending time approach. Like the RRC signaling with no pending time approach, this option also requires one PDCCH and one resource block for the uplink persistent resource signaling. It is better than the RRC signaling in modeling point of view since the scheduling is confined in MAC layer.
4. Using special PDCCH format
Considreing that most information needed for persistent scheduling are already specified in PDCCH, it wouldn’t be difficult to define a special PDCCH format for the persistent resource signaling. For example, the resource info field and the transport format field could be reused to signal the persistent resource and the persistent TF. It does not require additional MAC PDU to carry the control information, therefore it is more resource efficient in that respect. On the other hands, one bit format indicator could be required in PDCCH to distinguish the special format and the normal format. The reliability would be determined by the PDCCH loss rate. PDCCH loss rate is in general regarded as higher than residual BLER after HARQ operation, but we believe they will not be different considerably if ENB scheduler uses more robust MCS for the special PDCCH transmission. Even when the PDCCH containing the persistent scheduling information is missed, the additional loss due to it would be one VoIP packet, since ENB can send the PDCCH again 20 msec after like in the figure 3.
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Figure 3: Persistent resource signaling via special PDCCH
3 Analysis
We think the first option (RRC signaling with long enough pending time) should not be considered because it is too slow in allocating/releasing the persistent resource. The second option (RRC signaling with no pending time) and the third option (MAC signaling with no pending time) are same in the performance point of view. In this analysis we examine the second/third options (hereafter denoted as RRC/MAC control message approach) and the last option (special PDCCH format approach) in signaling overhead aspect. Please note that below analysis is only about the uplink. Followings are assumed in the analysis. 
· A 200 seconds long VoIP call.

· Activity factor is 0.5.
· The average duration of talkspurt/silent period is 1/2/4/8 seconds.
· Persistent resource is allocated when talkspurt starts, and released when it ends.
· Explicit RRC/MAC message or special PDCCH is used to allocate/release persistent resource.
· One resource block is used to carry RRC/MAC control message.
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In RRC/MAC control message approach, two PDCCHs, one PDSCH RB and PUSCH are required during the transition to the talkspurt period and one PDCCH and one PDSCH are required during the transition to the silent period. In the special PDCCH approach, one PDCCH and one PUSCH are required during the transition to the talkspurt and one PDCCH is required during the transition to the silent period. Therefore the additional resource required in RRC/MAC message are one PDCCH (denoted as ( in the figure) and one PDSCH (denoted as ( in the figure) for the resource allocation and one PDSCH (denoted as ( in the figure) for the resource release. 
In table 1, the additional resource required in RRC/MAC control message is calculated in terms of PDSCH resource. 
<Table 1> Additional resource required for RRC/MAC control message approach

	Talkspurt duration
	# of transitions
	# of PDSCH RBs used for allocating/releasing the persistent resource
	Ratio to the total # of PDSCH RBs used for VoIP packet transmission

	1 second
	200
	400
	3.76  %

	2 seconds
	100
	200
	1.88 %

	4 seconds
	50
	100
	0.94 %

	8 seconds
	25
	50
	0.47 %


The numbers of transitions are the numbers of persistent resource allocations and the numbers of persistent resource releases. Therefore the number of PDSCH RBs used for allocating/releasing the persistent resource is twice the number of transitions. 
During 200 seconds’ VoIP call with activity factor of 0.5, 10625 PDSCH RBs(10000 RBs during talkspurt, 2 RBs per voice packet and 625 RBs during the silent period, 1 RB per SID packet)  are consumed to carry both the SID packets and the voice packets. The last column shows the ratio of the number of additional PDSCH RBs for the persistent resource signaling to the number of PDSCH RBs used for the voice traffic itself. 
We don’t think 1 second’s talkspurt is an unlikely case, where 3.76% of PDSCH resources are spent for the persistent resource signaling with the RRC/MAC control message approach.

4  Conclusion

It has been shown that the additional resource requirements on PDSCH of the RRC/MAC control message approach are not negligible. On the other hand, the special PDCCH format approach is likely to require an additional bit in PDCCH, which applies to the dynamic scheduling also. However, it should be noted that the RRC/MAC control message approach also requires one more PDCCH transmission per transition, which would mitigate the drawback of the special PDCCH format approach to some extent.

Samsung believes that the special PDCCH format approach is better unless RAN1 sees some problem in it. It is proposed to discuss the issue, and to take one of the approaches for the working assumption.   
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