3GPP TSG-RAN WG2 #55
R2-062788
Seoul (Korea),    9 - 13 Oct 2006

Agenda item: 
13.2
Source:
NEC

Title:
Persistent scheduling and dynamic allocation

Document for:
Discussion and decision

1. Introduction

VoIP kind applications are sensitive to latency delays and Packet Jitter caused by congestion, lack of bandwidth, varying packet size and routing changes which can lead to choppy audio and possible packet loss. Packet Jitter is suggested be kept below 20ms. 

In R2-061920 (Ref ‎[1]), NTT DoCoMo suggest a Persistent Scheduling scheme as a means to overcome the limitations of the L1/L2 signalling channel, specifically in the case of VoIP. NEC believes the scheme can be enhanced to reduce Packet Jitter.

For simplicity, we only show downlink allocations on the diagrams.

2. Persistent Scheduling

2.1 Summary of the concept

RAN1 have debated the design of the L1/L2 signalling channel for the DL-SCH. Whatever the approach, the signalling channel does not have much capacity and according to ‎[1], it could only address a maximum of 4 UEs per sub-frame (across a 10 MHz band). This justifies the use of additional schemes to assign relatively small amounts of resources to UEs. Persistent Scheduling is one of them.

By definition, Persistent Scheduling means that a downlink and/or an uplink resource pattern is assigned to a UE, or a group of UEs, for a relatively long period of time, without the need for continual scheduling on the L1/L2 control channel. The down side of Persistent Scheduling is that it cannot be adjusted to channel quality, at least not to the same extent as dynamic scheduling, without loosing its essential benefit. How Persistent Scheduling is set up, managed and whether it uses distributed allocations, is outside the scope of this document.
In the following, we assume that Persistent Scheduling has been setup for a bidirectional dedicated connection which requires a constant bit rate, but with occasional increases in the rate requirement. For example, header compression might fail from time to time, resulting in a larger packet, compressed packets having been dimensioned for optimal transmission. Or packet retransmissions need to be fitted in real or near real time while the Persistent Allocation was dimensioned for good conditions (i.e. no retransmissions).
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Figure 1 - Illustration of Persistent Scheduling

.

2.2 Limitations of Persistent Scheduling alone

In this original form, Persistent Scheduling is appropriate for services, which require a steady, low rate. However, from time to time as assumed above, a slight capacity variation is required. So the scheme has to be complemented by dynamic scheduling.
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Figure 2 - Persistent Scheduling complemented by L1/L2 allocation

It is apparent that, in order to provide some dynamic flexibility, 

· the UE is forced to read the L1/L2 continually, which limits its battery saving to micro-sleep. 

· Also, it competes with the other UEs for additional scheduling via the L1/L2 (in terms of its signalling resources).

Alternatively, the persistent allocation could simply be larger [2]. This is shown in the figure below. But this would imply waste, which could be reduced by sharing the capacity between several mobiles.
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Figure 3 - Persistent Scheduling providing for repeats

3. Proposal of Data-Embedded Scheduling

3.1 Combining Persistent Scheduling with Data-Embedded Scheduling

This scheme assumes that the UE has already been assigned some semi-static resources, e.g. Persistent Scheduling. This assignment has the following characteristics:

· It carries predominantly data.

· The UE expects to find control information within the payload delivered to the MAC, i.e. a new MAC layer format has to be defined.

· Additional resources are scheduled via this control information when required.

· The data embedded control information is minimal when no additional resource is required: e.g. a single bit.

· When additional resources are required, the data embedded control information is of category 1 (see Ref ‎[3]) and shortened further by omitting the recipient’s identifier: the assignment applies to whichever UE is already reading it.

As a result:

· The persistent allocation does not need to be much larger than the minimum requirement.

· Additional Resources can be dynamically allocated to requirements without any impact on the L1/L2, free to schedule resources for other UEs.

· The UE does not need to monitor the L1/L2 for extra resources; it can therefore sleep between the persistent allocations (assuming it is coordinated with a DRX cycle) and, if instant scheduling is used (additional allocation within the same TTI), the UE never needs to stay awake beyond the normal DRX periods. 
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Figure 4 – Proposal showing “Instant Scheduling”

3.2 Benefits of Data-Embedded Scheduling

Benefits:

· Resource allocation meets requirements without much waste.

· Doesn’t consume any of the scarce L1/L2 scheduling resources, which is most significant for small allocations.

· Is DRX friendly; particularly with instant scheduling.

· The embedded control information is variable in size and omits the recipient identifier.

Issues:

· The control information scheduling additional resources isn’t any more reliable than the data itself.

· The additional scheduling control information is decoded relatively late; hence memory is required to store data in non demodulated form over a TTI.

4. Conclusion

In this contribution, we have described a scheduling method based on scheduling information outside of the L1/L2 signalling channel, extracted from already allocated resources, after PDU decoding, and possibly assigning resources within the sub-frame already “read” but only partially processed.

NEC kindly requests RAN2 to consider this proposal for approval and inclusion in LTE stage 2 technical specifications.
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