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1
Introduction
At RAN1#82, the issue of increasing soft-buffer memory requirements have been discussed and it was concluded that this is might be still discussed and solved as part of the Rel. 13 CA beyond 5CC WI, as noted in the chairman’s notes [1]: 
Conclusions:

· Treat necessary changes to DL control (specifically DCI content & size) due to UL control enhancements as part of the UL control enhancement investigations 
· Following DL control enhancements have been potentially identified in Rel. 13 eCA

· Topic 1: Increase in the number of blind decodes for a large number of CCs
· Topic 2: Effect of false positive detection of DL grants 
· Following other enhancement have been potentially identified in Rel. 13 eCA

· Topic 3: UE soft-buffer management for the increased number of aggregated carriers

· Following CA enhancement have been identified with lower priority in Rel. 13 eCA

· Topic 4: Increase in the number of carriers for EPDCCH monitoring

· Note that Dynamic Carrier Selection will be discussed in LAA

In this contribution we discuss when and how to define the soft-buffer requirements on the UE side as well as how to allocate the available soft-buffer memory over the number of CCs.

2
Motivation & Soft-buffer memory requirements
In [2,3] the issue is raised, that currently soft-buffer memory is directly related (and scaled) to supported peak data rate of a respective UE category. In most cases (as the peak data rate is seldom fully achieved in real life operation), the soft-buffer memory is not fully utilized. Nevertheless, the UE needs to include the soft-buffer memory which cannot be used for anything else [3], and which has a rather large cost impact as also shown in the low cost MTC studies during Rel. 12. 

The intention would be now to enable future UE categories with a very high peak data rate (due to a large number of supported CCs) but limited soft-buffer memory capabilities.

The first thing to consider here is how to define the required soft-buffer memory and how to make the network aware of the soft-buffer memory capabilities of a respective UE. Two basic approaches could be considered here, (i) related to the UE category definition and UE category signalling by the UE (as is currently the case) or (ii) dedicated UE capability signalling for the supported UE soft-buffer memory. 
We think that the UE category definition should provide sufficient flexibility for enabling future high peak data rate UEs not supporting the full soft-buffer memory. Therefore, the discussions on the soft-buffer requirements should be left to the related UE category discussions (i.e. when new UE categories with a large number of CCs are to be introduced). Moreover, no additional UE capability signalling related to the supported soft-buffer memory would need to be introduced. 

Proposal 1: Leave the definition of the supported soft-buffer memory dependent on the UE category to a later stage, when new UE categories supporting a very large number of CCs are being introduced. Depending on the indicated UE category the eNB will be aware of the supported soft-buffer memory of a UE (as is the case already now).

3
CC split of the available soft-buffer memory 
In general, it needs to be noted, that the eNB would need to have some knowledge of the (minimum) available soft-buffer memory on a specific CC in order to adapt its operation (incl. link adaptation) to the minimum soft-buffer memory the eNB can assume and which soft-bits the UE at least will be able to store. The case where an UE is or will be able by very flexible soft-buffer management to provide temporarily more soft-buffer memory for a specific CC will only lead to improved HARQ operation. 

Observation: The eNB needs to be aware of the minimum available soft-buffer memory and which soft-bits at least are to be stored by the UE on a specific CC. 
According to current LTE specifications, the available soft-buffer memory is evenly split over the number of configured component carriers. When having a smaller amount of soft-buffer memory available (compared to the peak data rate), this kind of operation becomes more and more inefficient. 

In [3] it is suggested to enable some CC priority scheme (denoted with ‘reference’ carriers), which enables the eNB to define certain CCs having a higher priority in the soft-buffer allocation and thereby enabling a non-equal split of the available soft-buffer memory over the configured CCs. This would enable the eNB to define for the UE priority carriers and have for them the full soft-buffer memory available. This would clearly give more flexibility compared to the current situation. This option would further include still the Rel. 10 behaviour of an equal split over all CCs by either not configuring any higher priority carriers or configuring all the CCs with the same priority.
Proposal 2: Consider defining ‘high’ and ‘low’ priority CCs for the related UE soft-buffer management through eNB configuration. Details are up to RAN2.
Having such operation in mind, RAN1 will need to decide on how to actually split the available soft-buffer memory over the two soft-buffer priority groups as well as how to split the soft-buffer memory within the ‘high’ and ‘low’ priority group. 

Within the ‘low’ and ‘high’ priority group the current LTE mechanism of an equal split over the configured component carriers could be used in order to simplify the related specification and operation. Alternatively, an even split over the activated CCs within one of the two priority groups could be considered, optimizing the even split operation.  

Proposal 3: Define an even split of the soft-buffer memory within a single priority CC group either based on the number configured CCs aligned with the Rel. 10 CA principles or alternatively based on the number of activated CCs. 
How to split the soft-buffer memory between the two soft-buffer priority carrier groups? 

In [3] it is suggested, that basically all the soft-buffer memory would be in principle allocated to the higher priority (denoted as ‘reference’ carriers there) and only if not used, the soft-buffer memory might be used within the other carriers being part of the ‘lower priority group’ (i.e. not being a reference carrier). In this approach, the eNB can only assume that certain soft-buffer memory to be available for the configured reference/high priority CCs and cannot make any assumption on soft-buffer memory for the remaining carriers (as the detailed, more or less flexible, implementation specific soft-buffer management in the UE would be not known to the eNB). Therefore, this approach clearly has some limitations as the eNB would need to assume in worst case no soft-bits to be stored on low priority CCs. 
Another alternative would be to provide the needed soft-buffer memory for the reference carriers while having a minimum soft-buffer memory for the other carriers guaranteed as well. But it might be hard to predict how much soft-buffer memory a carrier might require, as this clearly will depend on e.g. the MIMO and 256QAM related UE capabilities as well as on the configured operation of these capabilities on a specific carrier. Moreover, such an approach would be against the idea of an even split of the minimum soft-buffer memory available over the carriers, as the needed soft-buffer requirement might be different for different carriers based on the channel bandwidth, as well as on MIMO and 256QAM operation on each carrier. 

Last but not least, there could be an eNB determined split of the total available soft-buffer memory between high priority (i.e. reference) carriers as well as lower priority carriers for a specific UE. Such split could be defined in certain steps between 0 and 100% of the total available soft-buffer memory for the reference/higher priority carriers, with the remainder of the soft-buffer memory being available for lower priority CCs. In contrast to the method proposed in [3], this would require additional soft-buffer split configuration by the eNB. 
Proposal 4: The split of soft-buffer memory between ‘high’ and ‘low’ priority CC groups should be eNB configurable (i.e. 0-100% for high priority CCs). Details are up to RAN2.
4
Conclusions
In this contribution we have discussed soft-buffer management when decreasing the soft-buffer requirements with respect to the peak data rate for future UE categories supporting a very large number of CCs. 
Based on the discussions in this contribution, the following observations and proposals are made:

· Proposal 1: Leave the definition of the supported soft-buffer memory dependent on the UE category to a later stage, when new UE categories supporting a very large number of CCs are being introduced. Depending on the indicated UE category the eNB will be aware of the supported soft-buffer memory of a UE (as is the case already now).
· Observation: The eNB needs to be aware of the minimum available soft-buffer memory and which soft-bits at least are to be stored by the UE on a specific CC. 
· Proposal 2: Consider defining ‘high’ and ‘low’ priority CCs for the related UE soft-buffer management through eNB configuration. Details are up to RAN2.
· Proposal 3: Define an even split of the soft-buffer memory within a single priority CC group either based on the number configured CCs aligned with the Rel. 10 CA principles or alternatively based on the number of activated CCs.

· Proposal 4: The split of soft-buffer memory between ‘high’ and ‘low’ priority CC groups should be eNB configurable (i.e. 0-100% for high priority CCs). Details are up to RAN2.
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