3GPP TSG RAN WG1 Meeting #63bis
R1-110304
Dublin, Ireland, 17 – 21 January 2011
Agenda Item:
5.4
Source: 
ZTE
Title: 
HARQ codebook performance evaluation in HSDPA multipoint transmission
Document for:
Discussion
1 Introduction 
The SI HSDPA multipoint transmission was approved in RAN#50 [1]. One scenario of multipoint transmission is the simultaneous HSDPA transmission from a pair of cells operating on the same carrier frequency in any given TTI to a particular user, which is denoted as Single Frequency Dual Cell HSDPA (SFDC-HSDPA) [2]. In Rel-8 DC-HSDPA, channel state information for each frequency channel (CQI feedback as well as PCI feedback in case of MIMO) and HARQ ACK/NACK information need to be transmitted by the UE to the Node B in order to allow the Node B scheduler to decide on which of the frequencies the UE should be scheduled. In principle it does not matter whether the feedback information relates to two different frequency channels on the same sector or to two different sectors on the same frequency. So, the exact same feedback mechanisms could be used to describe the channel state in two different sectors on the same frequency.

For the intra-site SF-DC-HSDPA, the cells are involved into the same NodeB. Hence, all of the principles used in the HARQ ACK/NACK feedback can be reused.

However, the inter-site SF-DC-HSDPA will neither be time-aligned nor aware of the other cells’ existence. One problem with the inter-site setting is that the HARQ-ACK codebooks of Rel-9 and Rel-10 (and the corresponding power offsets) have been designed based on the assumption that the serving Node-B has knowledge about the number of transport blocks that was scheduled. For inter-site SF-DC-HSDPA this assumption is no longer valid. Hence the related performance degradation therefore needs to be evaluated.
In this contribution, we pick the typical scenarios that DC-HSDPA with MIMO and without MIMO ACK/NACK codebooks in inter-site SF-DC-HSDPA and DC-HSDPA respectively to evaluate the decoding performance of SF-DC-HSDPA.
2 Performance evaluation
2.1 Performance metrics
A simple model that 
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 is used for the simulation, where n is random value with standard normal distribution, i.e. n ~ N (0, 1), and h is fading factor. And the signal received is decided by zero forcing method. ACK, NACK, and DTX messages are generated at the probability of [0.9, 0.09, 0.01] for each carrier independently. And then the UE transmits the HARQ-ACK codeword decided by the HARQ-ACK messages of carriers. 
Simulation Metrics are listed as below, 
· Mis-detection (including decoding error)
· This event occurs when the UE transmits HARQ-ACK codewords (excluding DTX), but the NodeB decodes HARQ-ACK incorrectly (including decoding it as DTX).
· Extra PHY retransmission probability 

· This criterion is based on message level. 
· This event occurs when the UE transmits ACK message on some carrier but the NodeB decodes it as NACK or DTX message. 
· RLC retransmission probability 

· This criterion is based on message level. 
· This event occurs when the UE transmits NACK or DTX message on some carrier but the NodeB decodes it as ACK message. 
2.2 Simulation results
Simulation results for DC-HSDPA with MIMO codebooks are given in Figure 1, Figure 2 and Figure 3. The false alarm rate is set to 10% for all simulations. 
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Figure 1: Average mis-detection probability, DC-MIMO codebook
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Figure 2: Average extra PHY retransmission probability, DC-MIMO codebook 
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Figure 3: Average RLC retransmission probability, DC-MIMO codebook 
We have the following observations:
For the average mis-detection at 1% probability, the performance degradation is about 0.3 dB. And the average extra PHY retransmission and RLC retransmission is reduced by 0.2dB at 1% probability and 1.2dB at 0.1% probability respectively compared with pure DC-HSDPA. The reason is that for the inter-site SF-DC-HSDPA, the two serving cells are not aware of each other and when decoding the HARQ ACK/NACK information, the decoding codebooks space has to be enlarged. To guarantee the same decoding performance, the HS-DPCCH transmit power should be increased in this situation.
Simulation results for DC-HSDPA without MIMO codebooks are given in Figure 4, 5 and 6. The false alarm rate is set to 10% for all simulations. 
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Figure 4: Average mis-detection probability, DC-HSDPA codebook
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Figure 5: Average extra PHY retransmission probability, DC-HSDPA codebook
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Figure 6: Average RLC retransmission probability, DC-HSDPA codebook
For the average mis-detection and the average extra PHY retransmission at 1% probability, the performance degradation is minimal. While the average RLC retransmission is reduced by about 2dB compared with pure DC-HSDPA. 

Since that the main transmission way for the cell edge UE is single stream, that is, using the DC-HSDPA without MIMO codebooks to feedback the HARQ information, the performance degradation is small. So it may not need to increase much power for HS-DPCCH transmitting.
3 Conclusion 
In this contribution, we analyzed and provided the performance of the decoding performance of ACK/NACK when reuse the HS-DPCCH for inter-site SF-DC-HSDPA. For DC-HSDPA with MIMO, the HS-DPCCH transmitting power should be increased to achieve the same performance compared to the DC-HSDPA. However, for DC-HSDPA without MIMO codebooks, there is no need to increase the HS-DPCCH transmitting power. While the UEs in the cell edge use the single stream transmission at the majority times, so it may not need to increase transmission power for HS-DPCCH.

Proposal: Rel-8 DC-HSDPA HARQ codebook is the working assumption for SF-DC aggregation.
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