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1 Introduction

During the RAN1 #63 meeting there was discussion on how the UE should divide its soft buffer between component carriers and MIMO layers. During the meeting two discussion papers were discussed ‎[1]

 REF _Ref276385924 \r \h 
‎[2] and a way forward ‎[3]. The conclusion from the meeting was that discussion should continue to the next meeting and we should then consider the proposal in ‎[3] and alt 1 in ‎[2].
2 Discussion

There are a few fundamental principles that need to be considered when defining how the soft buffer should be defined for Rel-10 UEs. 

1. The design needs to be backward compliant so that a Rel-10 UE can operate in a Rel-8/9 network correctly. 

2. The soft buffer size can not change in a dynamic manner, i.e. based on scheduled carriers or activated/deactivated carrier. So the remaining possibilities are that the soft buffer changes size based on RRC (re)configuration or the UE capabilities. Further if the design is based on RRC configurations, there can only be very limited assumptions about how the UE soft buffer is affected by an RRC (re)configuration. At RAN1 #55bis it was agreed that the UE behaviour during RRC reconfiguration is not specified. The same principle is also adopted for HSDPA [4] and HSUPA ‎[5]

 REF _Ref280088773 \r \h 
‎[6]. It would be very beneficial to keep the same principle also in Rel-10 to avoid very lengthy and complicated discussions.

3. Consideration should also be made to a UE that supports operation in multiple bands, but can only aggregate a subset of these bands at a given moment due to baseband limitation. 

4. The soft buffer design should strive to limit the testing effort associated. 

The proposal in ‎[3] is a direct extension from the existing UE soft buffer handling with the addition that the number of carriers the UE is configured with is also considered. The proposal in ‎[3] is captured below.
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where:

Nsoft is the total number of soft channel bits 36.306.
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 is the number of cells configured by higher layers for the UE.
KMIMO is equal to 2 if the UE is configured to receive PDSCH transmissions on the nc-th cell, based on transmission modes 3, 4, 8 or 9 as defined in section 7.1 of 36.213, 1 otherwise.

The proposal would result in that when the number of supported transport blocks are changed one component carrier does not affect the soft buffer of the other component carriers. The proposal further allows that in case the UE is configured with a single component carrier it can use the whole soft buffer memory for that single component carrier.

There were proposals by some companies during the RAN1 #63 meeting that the soft buffer memory should instead be based on UE capability, i.e. the number of component carriers the UE maximally can aggregate. We note that this is not a backward compatible solution for UE categories 1-5. This since soft buffer for these UEs has to have the same definition as in Rel-8/9 when these UEs are configured with a single component carrier, so that these UEs behave as Rel-8/9 UEs in Rel-8/9 networks.

The same problem does not exist for the UE categories 6-8. In general consideration should be made to that it is beneficial from a network implementation perspective if the network can handle all different UE categories as similar as possible. With a design that the soft buffer is divided based on the UE capability, half of the soft buffer memory is idle and wasted when the UE is configured for only one component carrier. With the assumption that the UE maximally can aggregate 2 component carriers, in case the UE can aggregate more component carriers more soft buffer memory will of course be wasted. If instead the soft buffer is divided based on RRC configuration, the full soft buffer is provided in case the UE is configured with less component carriers than it maximally supported, this increases the incremental redundancy gains and can improve system-wide data throughput. It is also important to keep in mind that a UE can support different types of capabilities for example one UE can support the configuration of 4x4 MIMO only on one carrier and 2x2 MIMO if two carriers are configured. In such a scenario the consequence of having the soft buffer based on the UE capabilities will be even more severe. 

The second proposal that could be considered was alt 1 in ‎[2] which is defined as follows.
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where: 

Ncarrier is the total number of UE-specific aggregated component carriers.

KMIMO(nc) is equal to 2 if the UE is configured to receive PDSCH transmissions on the nc-th carrier, based on transmission modes 3, 4, 8 or 9 as defined in section 7.1 of 36.213, 1 otherwise.
Lmax(nc) is the maximum number of DL layers on the nc-th carrier.

BW(j) is the bandwidth of the j-th component carrier in MHz. 

Similar with the proposal in ‎[3], Ncarrier needs to be based on the number of configured carriers by RRC for the proposal to be backwards compatibility for UE categories 1-5. 

Comparing alt 1 in [2] and ‎[3], we can see that alt 1 in [2] will potentially yield a different soft buffer size per component carrier, depending on the component carriers capabilities. It is questionable how large the gain with this is compared to equally dividing the soft buffers per component carrier. A second observation is that alt 1 in [2] will result in much more testing than ‎[3], since every individual carrier configuration need to be tested. The approach taken with alt 1 in [2] is to more accurately reflect how the soft buffer is utilized in the UE. Considerations are however not made to that different carriers can have different coverage area. For example the coverage area of 8 layers and 2 layers is different. These aspects can be considered in the soft buffer division if the soft buffer is instead divided based on signaled weighting factors from the network. Below is an example of such an approach.
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where: 
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 is the number of cells configured by higher layers for the UE.
KMIMO(nc) is equal to 2 if the UE is configured to receive PDSCH transmissions on the nc-th cell, based on transmission modes 3, 4, 8 or 9 as defined in section 7.1 of ‎36.213, 1 otherwise.
a(nc) is a component carrier specific weighting factor which is signalled by higher layers 

With the assumption that the terminal is tested with all carrier bandwidths, i.e. 1.6 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz we observer that 
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 in alt 1 in [2] will yield 10 combinations if the terminal supports up to 2 layers, 14 different combinations if the terminal support up to 4 layers and 18 combinations if the terminal support up to 8 layers. Some of these combinations can be reduced in order to save testing efforts if the approach is based on the signaled weighting factor as above. As an example a(nc) could have the following value range {1, 2, 4, 16} to give sufficient implementation margin.
Comparing the different proposals and what was discussed during the previous RAN1 meeting and possible extensions of them, we see that basing the soft buffer division purely on the UE capability is very restrictive. On the other end of the spectrum is basing the soft buffer on component carrier specific weights that are signaled by RRC. This approach would then yield an increase in the number of tests that are required and will increase the complexity slightly. Based on this we propose that the soft buffer is divided based on the number of configured component carriers by higher layers.

Proposal

The soft buffer for size for all Rel-10 UE categories are defined as
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where:

Nsoft is the total number of soft channel bits 36.306.
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 is the number of cells configured by higher layers for the UE.
KMIMO is equal to 2 if the UE is configured to receive PDSCH transmissions on the nc-th cell, based on transmission modes 3, 4, 8 or 9 as defined in section 7.1 of 36.213, 1 otherwise.

3 Conclusion
Based on the discussion in this contribution, we propose that the soft buffer in Rel-10 is defined as follows
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where:

Nsoft is the total number of soft channel bits 36.306.
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 is the number of cells configured by higher layers for the UE.
KMIMO is equal to 2 if the UE is configured to receive PDSCH transmissions on the nc-th cell, based on transmission modes 3, 4, 8 or 9 as defined in section 7.1 of 36.213, 1 otherwise.
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