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1. Introduction
During the RAN WG2 #76 meeting, the issue of non-CA HARQ soft buffer overflow for LTE TDD was discussed and it was proposed that the eNode-B and UE behaviours should be specified [1].  In this contribution, the impact on the UE demodulation performance of this issue is examined.

2. Discussion
The soft buffer sizes, Nsoft, defined for the different UE categories in [2] are identical for the FDD and TDD modes of operation of LTE.  The corresponding soft buffer sizes per transport block, NIR, are then defined in [3] with the following relationship:
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Mlimit is a constant equal to 8 and MDL_HARQ is the maximum number of DL HARQ processes as defined in [4].  For FDD, the maximum number of downlink HARQ processes is equal to 8 and hence a UE with a soft buffer sized according to [2] will not run out of space.  For TDD mode of operation, the maximum number of HARQ downlink processes depends on TDD UL/DL configuration.  The maximum number of HARQ downlink processes is equal to 15 for TDD UL/DL configuration 5.  Furthermore, four out of the six UL/DL configurations define a maximum number of HARQ downlink processes which is larger than 8.  For these TDD UL/DL configurations, it is possible for the UE to run out of space in the HARQ soft buffer when it is sized according to [2], thus leading to an overflow condition.
The impact on the UE throughput performance can be characterized by looking at the probability that the UE needs to store data for more than X HARQ processes at any given time.  Such an analysis has been performed by RAN WG1 in [5] and it was concluded that soft buffer overflow shouldn’t be an issue for TDD (note though that Mlimit was set equal to 9 in [5] rather than 8).

It should be noted though that the impact on the UE throughput will also depend on the ACK/NACK feedback mode which is used.  When ACK/NACK bundling is used, the eNode-B may be forced to retransmit data corresponding to HARQ processes which have been successfully decoded by the UE as it doesn’t have knowledge of the decoding status for the multiple processes making up the bundle.  Hence, unsuccessful decoding errors have a larger impact on the throughput when ACK/NACK bundling is used as opposed to ACK/NACK multiplexing.  For TDD UL/DL configuration 5, the only ACK/NACK feedback mode which can be used is ACK/NACK bundling [4].  As this is also the configuration with the highest limit on the maximum number of downlink HARQ processes, the effect of soft buffer overflowing will be the most severe when it is used by the eNode-B.  Figure 1 presents the results of UE throughput performance simulations looking at the impact of this effect for TDD UL/DL configuration 5.

The following assumptions were made for the simulations presented in Figure 1:

· Soft buffer size as per UE category 3 in [2], except for the case of no HARQ buffer limitation

· TDD UL/DL configuration 5

· TM1
· 10MHz transmission bandwidth and EVA70 propagation channel

· 16QAM modulation scheme with TB size of 25,456

· The UE doesn’t allocate any space in the soft buffer for HARQ processes which have already been successfully decoded but which the eNode-B may retransmit.  Such a situation can arise from an error in the uplink ACK/NACK feedback but will also be the result of the bundling feedback mode

· 0.93 code rate
· The allocated TB size of each subframe be: [25456, 0, 0, 25456, 25456, 0, 0, 25456, 25456, 25456 ]

· The maximum transmission time of each TB is 4;
Figure 1 presents the throughput performance for the following two simple mechanisms to handle the soft buffer overflowing cases normalised to the throughput achieved in the absence of HARQ buffer limitation:

· SCHEME-1: When running out of space in the HARQ soft buffer, the UE discards the most ancient HARQ process data

· SCHEME-2: When running out of space in the HARQ soft buffer, the UE discards the most recent HARQ process data
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Figure 1: Throughput simulation results for different soft buffer allocation schemes
It can be seen from Figure 1 that in the mid-SNR region, the HARQ soft buffer overflow issue has an impact on the throughput performance.  It can also be seen that the two simple schemes which were implemented for the handling by the UE of the overflow conditions provide different levels of performance.  It is therefore suggested that RAN WG4 consider testing such conditions in order to achieve consistent UE performance.

3. Summary
This contribution has characterized the impact on the UE throughput performance of the HARQ soft buffer overflow issue in the case of TDD UL/DL configuration 5 without CA.  It has been shown that this issue leads to degradation in the downlink throughput which depends on the UE implementation.  It is therefore suggested that RAN WG4 considers the introduction of a test to cover such conditions to ensure consistent UE performance. Although this test could be introduced at Release 8, it is recommended for consideration for Release 10.
It is also suggested that this issue be looked at in the context of Carrier Aggregation (CA) for TDD mode of operation.
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