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1
Introduction

One of the concepts currently under study in [1] is the addition of slot format(s) to improve the performance reliability of the TPC commands sent on the UL DPCCH for DL power control. Various documents [2] and [3] have discussed DL power control in Rel-6 of UTRA FDD and have shown that with the current quality target definition, the TPC commands on the UL DPCCH are relevant solely for the power control of the F-DPCH from the serving cell. 
The newly proposed slot formats in [1] aim to improve the demodulation performance of the TPC bits on the UL DPCCH, however no study has been presented to date on the impact of the new slot format(s) on DCH search. 
DCH search is an important metric to keep in mind when studying the incorporation of new DPCCH slot formats. This document compares the DCH search performance for three different DPCCH slot formats. The reference slot format for the results is slot format 1 with 8 pilot symbols and 2 TPC symbols per slot. This slot format is compared with one new slot format in [1] with 6 pilot symbols and 4 TPC symbols per slot. Also, performance is characterized for another slot format [2] with 10 TPC symbols per slot. 

The slot with 10 TPC symbols per slot does not contain TPC commands and therefore would imply power controlling the F-DPCH based on CQI reports or simply just having open loop power control of the F-DPCH [2]. 

This document also discussed the impact of DPCCH gating on DCH search. Performance results are presented for various search durations (M=3, M=5 and M=8 slots) and an analysis to assess the DCH search performance in the presence of DPCCH gating is presented and discussed. Finally, complexity aspects related to the DCH search of a gated UL waveform are examined. 

2
Simulation Assumptions

This section goes over the assumptions for the link-level simulations. 
· DPCCH search performed

· Intra-slot: Coherent combining of all pilot symbols within a slot, coherent combining of all TPC symbols within a slot, and non-coherent combining of the previous two.

· Inter-slot: non-coherent combining of 3, 5 or 8 slots. Results comparing performance of different slot formats generated with non-coherent combining of 5 slots. 
· Search window size: 256 chipx2 offsets
· Performance shown in terms of short-term pilot Ec/Nt per path (combined across antennas and averaged for the duration of the non-coherent search interval)

· Per offset False Alarm probability set to 3.3∙10-4 with 3 Doppler bins
· UL Power Control: enabled but irrelevant since the performance is shown in form of short-term curves

· Channel models: AWGN, PA3, VA30, and VA120. 

· E-DPDCH configuration: 
· Active: one 2ms E-DCH TTI active every 16ms. 1024-bit block size, βed = 10 dB (“1 HARQ”)

· Rx antennas: 2.
3
Simulation Results
3.1
Impact of DPCCH slot format in DCH search

This section presents the DCH search performance for different slot formats. Results are presented for three slot formats, namely [N_pilot N_tfci N_FBI N_tpc]:
· [6 0 0 4]: 6 pilot symbols and 4 TPC symbols per slot (new slot format introduced in [1]).

· [8 0 0 2]: 8 pilot symbols and 2 TPC symbols per slot (slot format 1). 

· [10 0 0 0]: 10 pilot symbols (new slot format introduced in [2] and [3].
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The results in this section show that for all the simulated channel models and for a wide range of probability of detection (Pd),  

· [6 0 0 4] DPCCH slot format is 0.3 - 0.5 dB  worse than [8 0 0 2] DPCCH slot format

· [6 0 0 4] DPCCH slot format is 0.8 - 1 dB worse than [10 0 0 0] DPCCH slot format
3.2
Impact of DPCCH gating in DCH search

This section presents the detection probability with searches over windows of M=3, 5 and 8 slots. As discussed later, the results in this section may be used to infer the detection probability of a gated UL waveform. 
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From the results above, one can see, as expected, that searcher performance improves for larger integration intervals. These results may be used to measure the impact of the “DPCCH skirts” around the E-DCH transmissions on DCH search. Thus, the M=3 case would be relevant for the case with no DPCCH skirts around the E-DCH transmissions (assuming 2ms E-DCH TTI), the M=5 case would be relevant for the case of 2 DPCCH slots around the E-DCH transmissions and so on. 

Due to complexity limitations at the Node-B receiver, the DCH search for each user being tracked need not take place on a continuous basis. Instead, the searches may be scheduled for each user being tracked with some periodicity e.g. once every 100ms. It is, therefore, desirable to have user DPCCH transmissions at certain known intervals at the Node-B to facilitate the DCH search for that user [4]. The DCH searcher performance will depend on the duration of these DPCCH transmissions. Effectively, the results above show the performance for search intervals of duration M=3, M=5 or M=8 slots. 
One point to notice is that the performance for a given reference e.g., M=8 and continuous DPCCH transmission could be matched for any other searcher integration interval (M slots) provided that there is a sufficient number of search attempts within that search time interval. 
The principle to realize is the following:
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Where “N” represents the number of attempts to be taken within the time interval where the reference probability of detection was measured to achieve the same DCH search performance with shorter search times (but with multiple attempts per search time-interval). Therefore,
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Where 
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 are obtained from the curves above for the different search time-intervals. The expression above is evaluated below for the AWGN case:

· Assume 
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 and M=8 is the reference case (the performance that we want to match)
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 for each of the shorter searcher time-intervals is:
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· As a result:
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· And therefore,
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The complexity impact to maintain the same DCH search performance in the presence of DPCCH gating can be easily predicted by comparing the searches required in comparison with the reference case.  Following with the example, for the same performance the following alternatives are possible:

· Single search every e.g. 100ms with M=8.

· Two search attempts every e.g. 100ms with M=5.

· Four search attempts every e.g. 100ms with M=3. 

Therefore, the complexity increase is:

· 
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4
Conclusions

This document has shown: 

· DCH search performance impact of various slot formats.

· DPCCH slot format [6 0 0 4] has 0.3 - 0.5 dB loss in DCH search performance when compared with DPCCH slot format [8 0 0 2].

·  DPCCH slot format [6 0 0 4] has 0.8 - 1.0 dB loss in DCH search performance when compared with DPCCH slot format [10 0 0 0].

· As a result, improving the demodulation performance of TPC commands (that are just meaningful to power control the F-DPCH from the serving cell) is not a sufficient metric to measure the benefits of a new DPCCH slot format.  

· DCH search performance impact from DPCCH gating

· Same performance as for continuous DPCCH transmission may be achieved by doing multiple search attempts within a search cycle for each UE. 

· The impact in complexity has been presented and analyzed. 

We propose capturing the analyses in this document in [1]. 
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