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1
Introduction

During the RAN2#45 bis meeting the content of the scheduling information was discussed. It was agreed that it should contain the following information:

-
Logical channel ID or DDI or priority level + MAC-d flow ID (FFS) of the highest priority channel (which is configured by RRC as needing reporting) with data in buffer;

-
UE Buffer occupancy (in Bytes):

-
Buffer status for the highest priority logical channel with data in buffer;

-
Total buffer status;

-
Estimation of the available power ratio versus DPCCH (taking into account HS-DPCCH). UE shall not take backoff and DCH power into account when performing the estimation.

This contribution investigates how many bits are needed for each piece of information. In general, the amount of bits should be an equilibrium between three “forces”: overhead, accuracy and complexity. For instance the more the bits, the better the accuracy but the larger the overhead and the more complex it becomes to measure.  

2
Highest Priority Channel

The mapping between the DDI and the MAC-d flow and PDU size is already provided to the Node B by the SRNC [1]. Without further consideration the DDI could appear as a good candidate. However the logical channel id is a better one for several reasons:

-
The DDI also includes the PDU size and several DDI can be associated to the same logical channel in RLC UM. A single value per channel could be easier to handle for the Node B.

-
The DDI is 2 bits larger than the logical channel ID (6 bits vs. 4). These two bits are not useful in the context of reporting the highest priority channel.

-
The scheduler is interested in logical channels, not DDI. If the DDI were sent, the Node B would have to translate it anyway.

Thus, the DDI is larger, does not provide more information and could be more complex to handle. The logical channel ID is therefore the preferred approach. 

NOTE:
with reporting per logical channel, the Node B has to translate DDI into logical channel ID for scheduling purposes and it becomes questionable whether the DDI is required over Iub.

Proposal: 4 bits for the logical channel ID of the highest priority channel which is configured by RRC as needing reporting and which has data in the buffer.

3
Buffer Occupancy

First of all, it needs to be agreed to which layer the buffer occupancy refers. Since Release 99, TVM has been used to report the buffer status of Layer 2. But at RAN2#45 bis meeting it was proposed to include buffers above layer 2, possibly up to the application! Following OSI layering principles, each layer should only need to know its own layer and mandating the UE to know the total buffer size from all layers violates that principle. This violation complicates SW architecture because the RAN would either have to communicate to all layers to get the information which increases the number of interfaces greatly, or if the information is passed through the layer stack, it will have a significant impact to implementation. Including the buffer of upper layers appears to be very complex (if not impossible) and without clear reasons or benefits do so, E-DCH buffer reporting should stick to the Layer 2 as for TVM.

The minimum information the scheduler needs to know is whether the UE has data to send or not. Thus, in theory only 1 bit could be used: buffer with something in it / buffer empty. Besides in practise, the buffer may be full always. Only during transient period the buffer occupancy may change. However, since the buffer occupancy is rather straightforward to measure, more than one bit could be used to report more accurate information. The question is how many bits. Four bits is foreseen as a reasonable maximum.

Reporting the buffer occupancy in bytes has one drawback: the granularity depends on the maximum buffer size defined. With different buffer size for different UEs, the granularity could be coarse when tailoring the reporting for large buffer size. Ideally, the reporting should cope equally well with low bit rates and small buffer sizes than with high bit rates and large buffer sizes. Several solutions are listed below:

-
Instead of reporting the buffer size, it could be useful to report the number of TTIs it takes to empty it at a given rate. By doing so, the accuracy does not depend on the maximum buffer size anymore and the granularity is as good for low bit rates as it is for high bit rate services.

-
Signal the max buffer size and then only report a % of the total.

-
Use a non-linear scale based on a maximum of e.g. 10 kbytes.

Proposal: between 1 and 4 bits for the buffer occupancy (at Layer 2). Discuss the three solutions above.

4
Power Headroom

Here again, the minimum information the scheduler can live with is whether the UE has power headroom or not. Thus, in theory only 1 bit could be used: power left / no more power. 

Giving a number of bits would be equivalent to setting an accuracy requirement on the measured power, which obviously does not fall within the area of competencies of RAN2 but of RAN4. It is therefore proposed to liaise with RAN4 on the possible accuracy and number of bits for the power headroom measurement.

NOTE: 
in general the measurement accuracy depends on the actual transmitted power level: the more the transmitted power, the more accurate the measurement. Power headroom measurement is thus expected to be more accurate for UE close to their limit than UE with a lot of headroom.

Proposal: ask RAN4.

5
Conclusions

For the content of the scheduling information, this contribution proposes the following:

-
4 bits for the logical channel ID of the highest priority channel which is configured by RRC as needing reporting and which has data in the buffer.

-
Between 1 and 4 bits for the buffer occupancy (at Layer 2). It should be discussed how to use these bits to cope with small buffer sizes and large buffer sizes equally well (report number of TTI it takes to empty the buffer, report a % of the maximum, use a non-linear scale)

-
For the power headroom, RAN4 must be involved.
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