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1.
Introduction

HARQ memory partitioning for dual cell HSDPA was discussed in RAN2 #67 and #67bis. It was agreed after discussion of [1] and [2] that only implicit HARQ memory partitioning would be used with dual cell HSDPA. However, in [4] a possible problem was reported that some of the performance requirements set in [3] require usage of explicit HARQ buffer partitioning. In addition, the contribution [4] also notes that the minimum number of HARQ processes which can be configured for DC-HSDPA is 6, whereas some RAN4 requirements in CQI testing specify dual cell fixed reference channels with 2 HARQ processes.The purpose of this contribution is to present some preliminary results and anlysis, and discuss further the way forward.
2.
Discussion
2.1
Implicit HARQ buffer allocation
One solution to the problem would be allowing also explicit HARQ buffer allocation for dual cell HSDPA. The feature was, however, agreed to be left out of dual cell HSDPA since it has not been used in network deployments. Adding explict HARQ partitioning would also allow signalling to configure additional HARQ configurations causing stricter requirements for the UEs. Hence we think it would be good to evaluate the impact on RAN4 requirements caused by implicit HARQ partitioning before concluding to include explicit options in specifications only to facilitate testing. Clearly a major update of RAN4 demodulation requirements for DC-HSDPA would be undesirable, especially if there would be a need for a simulation campaign and different performance requirements for each UE category but we think it would be beneficial to first understand the extent of the issue.

. In practise the explicit signalling has been used because HARQ parameters in the RAN4 requirements are the same as used for legacy lower category UEs. Hence HARQ process sizes would increase by using implicit HARQ memory partitioning in dual cell. Thus we try to evaluate what would be the differences in performance when implicit signalling is used. If the performance differences are small enough, then an acceptable way forward may be to leave the requirements intact, without changes to RAN2 specifications, and to clarify that for DC-HSDPA testing, certain requirement should be tested in practice using implict HARQ buffer sizes.
Rel-8 dual cell HSDPA is tested using H-Set parameters 3A, 6A, 8A and 10A. In all of these parameters sets QPSK is parameterized so that 1st rate matching is not puncturing much, only in the order of one percent of bits. So the performance difference due to larger HARQ buffer may be assumed to be rather small if not negligible.

For 64QAM there is H-Set 8A, which includes parameters for both implicit and explicit signalling. There is, however, some note in Table A.31, which seems to have some problem: 
Note 2: 
If “Total number of soft channel bits” as per HS-DSCH categories is equal to 259200, set “Number of SML’s per HARQ Proc.” As 43200 using an implicit UE IR Buffer Size Allocation.

If “Total number of soft channel bits” is larger than or equal to 264000, set “Number of SML’s per HARQ Proc.” As 44000 using an explicit UE IR Buffer Size Allocation.
According to note a dual cell UE should use explicit signalling and 44000 HARQ process buffer. That is not, however, possible since dual cell HSDPA is supposed to use at least 6 HARQ processes per carrier and the HARQ memory of dual cell UE is not big enough for such allocation per process. Hence it is proposed that implicit partitioning option is used for dual cell testing instead. In that case note needs to be clarified.
Looking at 16QAM parameters used in dual cell requirements it seems that implicit allocation would cause more signifcant IR buffer change in H-Set 6A, compared with other H-Sets for DC-HSDPA. Ideal link level simulation results for this case, assuming -3dB HS-PDSCH Ec/Ior are shown for PA3 and VA30 propagation conditions in Figure 1 and Figure 2, respectively. HARQ buffer size per process would be 19200 bits when following explicit signallingy as assumed in the development of RAN4 requirements and currently specified in [3]. Assuming that instead, implicit HARQ buffer partitioning is used for 64QAM capable dual cell category UEs with 6 HARQ processes per carrier the HARQ buffer size per process becomes 43200 bits. As can be seen the difference in performance is rather small, 0.2-0.3dB in VA30 and smaller than that in PA3.
Performance differences seen in Figures 1 and 2 are caused by usage of incremental redundancy in HARQ transmissions. In CQI requirements number of HARQ transmissions is defined to be one so difference in performance when using implicit signalling vs. explicit signalling is assumed to be rather minor. There probably is some difference in the way the rate matching is done but effect of such difference to performance is hardly significant.
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Figure 1 Performance of 16QAM H-Set 6A in PA3 channel.
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Figure 2 Performance of 16QAM H-Set 6A in VA30 channel.
2.2
Number of HARQ processes

The only DC-HSDPA fixed reference channel which uses less than 6 HARQ processes is H-Set 1A. Considering single carrier requirements, H-Set 1 is typically used to set requirements which can be commonly applied to all UE categories, including the lowest ones supporting only inter-TTI distance of 3. However, all DC-HDSPA capable UE must support inter-TTI distance of 1 in both single carrier and dual carrier category. So it would appear feasible to consider use of H-Set 3A in cases where H-Set 1A is currently specified. Due to different parameterisation, test requirements would need to be checked and modified if necessary, however since H-Set 1A is only used in performance requirements for MIMO only with single-stream restriction (QPSK & 16 QAM), the work for RAN4 should be minor.
3.
Conclusions
In this contribution, we have performed an initial analysis of the implications of using implict HARQ portioning in DC- HSDPA testing, even though the throughput requirement has been developed by RAN4 from single carrier HSDPA and assuming that HARQ portioning can be explicitly set by signalling to the same value for different UE categories. We have also made an analysis of dual cell requirements with less than 6 HARQ processes specified in 25.101
As this issue relates to release 8 DC-HSDPA, our opinion would be that we should make the minimum changes to specifications and implementation. In general, it is undesirable to introduce additional signalling and configurations for testing which is different to the configuration used in network implementation. As the issue was only noticed shortly before RAN4#56, we have not yet had time to evaluate all requirements in [3] and we have tried to quickly identify the most sensitive requirements in the first instance.
Hence we think it would be benefical to study further the practical differences in test outcomes when using implicit HARQ buffer sizes for different categories of UE, compared with the assumptions that RAN4 has made in defining the core requirements. In the event that these differences turn out to be minor, it may be sufficient to clarify test methods in RAN4 and RAN5 without a need for reintroduction of explicit HARQ buffer size in RAN2 specifications. Similar evaluations may be performed considering the impact of using H-Set3A based requirements in cases where H-Set1A is specified currently. We would propose that such evaluations are performed by interested companies until RAN4#57.
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