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1
Introduction
The logical channel prioritisation mechanism specified for Rel-8 was designed for the case of a single grant being received for a TTI. The introduction of carrier aggregation means that multiple grants can be received for a TTI and, as a consequence, it seems necessary to revisit the specification to see if changes are required. This Tdoc attempts to identify the issues that will need to be considered and some proposals are made.
2
Discussion
The Rel-8 logical channel prioritisation mechanism was designed to meet the requirement that uplink capacity should be assigned to logical channels so that channel PBR is met in priority order after which any remaining capacity is assigned to channels in priority order. In order to avoid unnecessary segmentation, it was decided that it was not necessary to meet the PBR requirement within each TTI.

The mechanism adopted for logical channel prioritisation [1] was to specify the use of a modified token bucket mechanism coupled with rules, the most important of which indicates that an RLC SDU should not be segmented unless the transport block capacity forces it. The modification made to the token bucket method was to allow negative bucket content thereby preventing insufficient tokens from forcing segmentation of an RLC SDU or preventing the filling of a transport block. The mechanism effectively trades meeting PBR over a longer time period for a reduction in segmentation overhead.

The working of the resulting logical channel prioritisation mechanism could be summarised as follows:-
· Logical channels with an assigned PBR accumulate tokens at the PBR rate each TTI.

· When a grant is received, the highest priority logical channel with >0 tokens can utilise the capacity of the grant to include an RLC SDU or to fill the whole grant if it has insufficient capacity for the whole SDU. The PBR bucket for the channel is decremented by the number of tokens used. If capacity remains after this logical channel has been served, it is made available to the next highest priority channel with tokens >0.
· If, after all logical channels with tokens >0 have been served, a grant or part of a grants capacity is unused, the capacity is made available to the highest priority channel that has data available. The token bucket for the carrier is not decremented by the capacity that is used i.e. it is permitted to exceed the PBR. If capacity remains after the logical channels buffer is empty it is made available to the next channel in priority order.
· Where the UE has a BSR (excluding padding BSR) or PHR scheduled then these have priority over logical channel data except for CCCH data. 

The procedure also applies when the grant is an SPS grant.

2.1
Basis of prioritisation when there are multiple grants
The existence of multiple grants for a TTI opens the possibility of alternative approaches to allocating resources to logical channels, for example, different QoS could be provided on particular CCs and particular logical channels could be given priority for those channels overruling the Rel-8 priority rules. However, it is believed that this is not the intention and that the same principles that have been used in Rel-8 are to be applied to all of the grants available within the TTI i.e.
Where multiple grants are available within a TTI, the resources available are allocated to logical channels on the basis of first meeting PBR in channel priority order after which available capacity is allocated in channel priority order i.e. logical channels are not linked to specific grants (CCs or SPS) for priority access. PBR need not be met within a TTI in order to minimise segmentation overhead.
This does not exclude the possibility that the order in which grant capacity is processed will indirectly result in highest priority data being mapped to particular CCs. Consequently it is proposed that:-

P1:
RAN2 confirms that where multiple grants are available for a TTI, logical prioritisation is based on the same prioritisation principles as have been used in Rel-8.
It is assumed that, if carrier aggregation is configured, but only one grant is provided, logical channel prioritisation would behave as in Rel-8.

2.2
Logical channel prioritisation with multiple grants
The presence of multiple grants for a TTI requires that the existing Rel-8 description should be extended to indicate how the additional grants are to be handled. In writing the Rel-8 specification it was decided to avoid specifying for corner cases and allow implementations flexibility in handling the details of prioritisation and it is assumed that these principles might be carried over into carrier aggregation. 

One way of extending the Rel-8 logical channel prioritisation mechanism to take account of multiple grants would be to:-

1.
Apply the existing Rel-8 logical channel prioritisation procedure to each grant independently and in sequence.

This approach could be simple from a standards perspective since it may only be necessary to add a sentence indicating that the Rel-8 procedure applies to each grant e.g. 
‘Where multiple grants are available for a TTI, the UE should/ shall apply the logical channel prioritisation procedure to each grant in succession’

The content of a MAC PDU formed by this process should bear a strong relation to those formed with Rel-8 prioritisation and single grants. Implementations might form each MAC PDU immediately after the content of each grant is decided or delay the formation until after the content of all grants have been decided. What is decided regarding BSR content and transmission may have an influence on what is possible.
A second approach could be to:-

2.
Apply the Rel-8 logical channel prioritisation procedure to the total capacity of the grants. A second stage maps the capacity assigned to each logical channel to the MAC PDUs of each grant. 

There appear to be two implementation options for mapping data into the MAC PDUs. 
One (a) would be to map data to MAC PDUs in the order that it is selected by the prioritisation process i.e. first the RLC SDUs (or RLC PDU if the total grant cannot contain all SDUs available under PBR rules) selected on the basis of fulfilling PBR are sequentially mapped to the MAC PDUs in MAC PDU order, then RLC PDUs that are selected to fill residual capacity in priority order are sequentially mapped. 
A second (b) would attempt to link the capacities made available to each logical channel under PBR fulfilment and residual capacity in priority order fulfilment. This is illustrated in the following figure:-
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There may be some small saving in header overhead, however, it could be that this would be highly dependent on how well SDU boundaries mapped to MAC PDU boundaries. It is suggested that the function of mapping data selected for each logical channel to MAC PDUs could be more complex under method 2 than for method 1 because the size of MAC sub-headers and RLC headers is not known exactly until data is mapped to the MAC PDUs
From a standards perspective it seems necessary to identify both how the UE is to apply the logical channel prioritisation process e.g.

‘Where multiple grants are available for a TTI, the UE should/ shall apply the logical channel prioritisation procedure to the capacity of the grants viewed as a single unit’

And also how data should be mapped to MAC PDUs e.g. for (a):-

‘Data should be mapped to MAC PDUs in the order that it is selected by the logical channel prioritisation process.’

It is suggested that, in practice, there will be little difference between the methods, in either the data selected or in the overhead that is generated by RLC headers and MAC sub-headers.  

Comparing 2a with 1, it is suggested that the two approaches would, in many cases, produce similar MAC PDUs. One difference that could occur is that method 2 would, for PBR fulfilment, allow a large SDU that straddles MAC PDU boundaries whereas method 1 could truncate the SDU at the MAC PDU boundary (because the bucket is already negative). It is that this is a significant issue for either method.
Comparing 2b with 1, there could be some saving in MAC sub-headers due to concatenation of granted capacity, but, it is suggested that, this gain will be relatively small and, in other circumstances there may be no gain or even negative gain dependent upon how data boundaries relate to MAC PDU boundaries.

We have a preference for method 1 because it is simple from a standards perspective and re-uses what was developed for Rel-8. We also acknowledge that some companies prefer method 2. Because the differences are small we would prefer to avoid, if possible, specifying an implementation method. Consequently, we propose that:- 

P2:

RAN2 should discuss a way forward regarding specifying how multiple grants should be handled for logical channel prioritisation. Whether it is necessary to specify a particular method of implementation or whether this can be avoided.
One potential difficulty appears to be identifying suitable text to identify what is desired without implying a method of implementation. 

2.3
Sequence order for the processing of grants
If grants are processed sequentially as in method 1, or when data is mapped to grants sequentially as in the case of method 2, the order in which the grants are used may have an influence on the transfer quality experienced by certain logical channels if the quality of service associated with each of the several grants differs significantly. 

In principle, an eNB might engineer a different quality of service for each grant, or, if not, it at least it should be aware of the radio situation for each UL CC for which it is assigning grants. However, depending upon circumstances it may be quite difficult for eNB to predict what data the UE scheduling function will place in each MAC PDU. 

As data is mapped to grants in sequence, it might be expected that the first grants processed will be assigned the highest priority data and subsequent grants lower priority data. This may not be strictly correct, at least in the case of methods 1 and 2a, because data from a particular logical channel may be placed in the first grant on the basis of fulfilling PBR requirements, and the last grant on the basis of fulfilling residual capacity allocation. Consequently, application of Rel-8 principles may not result in a consistent or totally predictable mapping between grants and logical channel priority. A possible exception to this might be the case of a highest priority bearer that has a data rate that is equal to or less than its PBR, in this case it seems possible that the bearer should always be mapped to the first grant that is served.

An alternative approach could be to permit that the order in which grants are used is left to UE implementation. This might provide a partial freedom, for example the PCC grant, if present is always used first, or the freedom could extend to all grants.
Specifying the order in which grants are used raises the following issues:-
· Is the order in which the UE applies grants specified as part of UE configuration either implicitly or explicitly.

· Is it required that the eNB can modify the order in which grants are processed by methods other than normal carrier aggregation reconfiguration signalling. If this is deemed to be required, either RRC or MAC level signalling could be considered.
 Consequently, it is proposed that:-
P3:
RAN2 should discuss whether the order in which grants are processed within the prioritisation process are controlled by eNB or whether it is left to UE implementation. 

3
Conclusion

This Tdoc has reviewed the topics that may need to be considered when uplink scheduling is revised to take account of the existence of multiple grants for a TTI as a result of carrier aggregation. The following proposals have been made:-

P1:
RAN2 confirms that where multiple grants are available for a TTI, logical prioritisation is based on the same prioritisation principles as have been used in Rel-8/9.

P2:

RAN2 should discuss a way forward regarding specifying how multiple grants should be handled for logical channel prioritisation. Whether it is necessary to specify a particular method of implementation or whether this can be avoided.

P3:
RAN2 should discuss whether the order in which grants are processed within the prioritisation process are controlled by eNB or whether it is left to UE implementation. 
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