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1 Introduction

During the RAN1 #63 and RAN1 #63bis meeting there has been discussion on how the UE should divide its soft buffer between component carriers and MIMO layers. During RAN1 #63bis several additional schemes that were not discussed during RAN1 #63 have been introduced. Taking into account all the schemes they can be divided into the following categories. 

1. Equal splitting of the soft buffer between component carriers [1], [2]
2. Unequal splitting of the soft buffer between component carriers [3], [4]
3. The UE disregards parts of the received TBs when the soft buffer is full [6], ‎[7]
4. The UE uses overbooking of the HARQ processes in case the soft buffer is full [5], [7]

An analysis of the first two types of schemes was provided in [1]. This contribution analyzes the two last types of schemes. 

Performance results for schemes of type 3 and 4 are provided in [8], [9] and [10]. We observe that there are several additional aspects that were not fully considered in the analysis in these contributions, which we highlight in this contribution.
2 Discussion

It has been known that a scheme based on overbooking requires that the scheduler will set a BLER target below a certain level. It is noted that such lowered BLER targeting is also needed for the partial TB discarding scheme. This is because, if the initial transmissions does not decode, part of the received signals need to be discarded. As a result, either the subsequent soft combining gains go down or larger retransmission resources are needed (as shown in [10]). To avoid the shortcomings, the initial BLER should be targeted lower. The exact BLER targeting level depends on how much soft buffer memory is available, i.e. the number of aggregated CCs and UE category, together with how correlated the different HARQ processes are in time, spatial domain and frequency domain. These properties are deployment specific and also UE specific. This results in that different UEs need to be treated differently depending on these parameters that need to be estimated in order to achieve the best performance. A design according to this will limit the flexibility of scheduler designs since low BLER targeting rather than throughput optimizing becomes the overriding objective. 
In addition to the difficulty and limitation placed on scheduler design, the overbooking or partial TB discarding is fundamentally de-stablizing to the management of HARQ processes. In the evaluation presented in [8]
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[10], decoding errors are assumed uncorrelated across time. However, in reality interference is very time variant and cannot be estimated perfectly (as assumed in these evaluations) particularly in low and medium loaded networks. Furthermore, CSI feedback is not always reliable, which results in that the eNB will schedule with too high MCS/rank compared to what the UE can receive. During the period of inaccurate link adaptation, the available soft buffers fill up quickly. For instance, with 
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, all eight HARQ buffers will be occupied even before the eNB receives the first A/N feedback. HARQ soft combining becomes ineffective because received signals have to be discarded for lack of space. That is, overbooking or partial TB discarding diminishes the HARQ combing gain when it is most needed. Consequently, decoding errors become even more clustered in time, which lead to amplified throughput losses than purely caused by time-varying interference or CSI feedback errors.

To handle such de-stablizing phenomenon, the eNB has to change its scheduling strategy and possibly adopts very conservative policy. If the eNB instead would operate under these scenarios it will not have the possibility to continuously schedule the UE. How many subframes that UE can be scheduled would depend on how many carrier it aggregates and if either overbooking or discarding part of the soft buffer is utilized. This clearly removes the high throughput benefits of deploying carrier aggregation.

Based on the above and together with analysis in the contributions [8], [9], [10], [11], [12], [13] and ‎[14] our preference is a fixed division of the soft buffer based on the number of aggregated component carriers, in accordance with the proposals in [1], [11] and [12].

3 Conclusion
Based on the discussion in this contribution, we propose that schemes 3 and 4 are not further considered. As discussed in [1], [11] and [12] we propose that the soft buffer in Rel-10 is defined with a fixed division of the soft buffer based on the number of aggregated component carriers. 
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