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1
Introduction

In 4C-HSDPA, one of the open issues to be resolved is the design of the HS-DPCCH channel. Is is indicated in the chairman’s notes from RAN1 #60 that the design of the HS-DPCCH channel is to be resolved in this RAN WG1 #60bis meeting. 
In this contribution, we show link level simulation results for the different HS-DPCCH design options proposed. Based on the results obtained, we propose a way forward in [2].
2
Simulation Schemes and Scenarios
Scenario A
· In this scenario, all 4 DL carriers are activated and are denoted by C1, C2, C3 and C4. 

· The NodeB schedules data on only 2 carriers 

· Carriers {C1, C2} or {C3, C4}

The UE transmits HS-DPCCH ACK information for 2 carriers from the appropriate Rel-9 codebook. Under this scenario, we evaluate the link performance of the following HS-DPCCH schemes. 

Scheme 1: Two Code Solution

· HS-DPCCH: 2xSF256 (I/Q) multiplexed.

Under this design scheme, the UE transmits HS-DPCCH ACK information on two orthogonal channelization codes. Each code corresponds to information on two carriers. Under Scenario A, the UE transmits HS-DPCCH information on a single channelization code since information pertaining only two carriers need to be communicated. Figure 1 shows an illustration of scheme 1.
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Figure 1: Block diagram representation of the two code 2xSF256 HS-DPCCH design scheme when 2 carriers are scheduled.
NodeB Receiver Processing for Scheme 1:
The NodeB is cognizant of the fact that only two carriers are scheduled. Therefore, the second channelization code is ignored. On the first channelization code: 
· DTX detection is performed based on the energy over the entire slot

· HS-DPCCH decoding is also based on the energy over the entire slot.

Scheme 2: Single Code Solution with Empty (DTX) Half Slot

· HS-DPCCH: 1xSF128 with empty half slot
Under this design scheme, the UE transmits HS-DPCCH ACK information on a single channelization code encoding information for the 4 DL carriers into two blocks of 10 symbols each. The blocks are then transmitted in a TDM fashion for a slot. Under Scenario A, the UE transmits a single block of 10 symbols and does not transmit for the second half of the slot. Figure 2 illustrates scheme 2.
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Figure 2: Block diagram representation of the single code 1xSF128 HS-DPCCH design scheme with an empty half slot when 2 carriers are scheduled.

NodeB Receiver Processing for Scheme 2:
The NodeB is cognizant of the fact that only two carriers are scheduled. Therefore, the second half of the slot is ignored. On the first half of the slot: 
· DTX detection is performed based on the energy over the first half of the slot.

· HS-DPCCH decoding is also based on the energy over first half of the slot.

Scheme 3: Single Code Solution with POST

· HS-DPCCH: 1xSF128 with POST
This design scheme is similar to Scheme 2 in that both schemes use a single code with SF 128. The HS-DPCCH ACK information to be communicated also pertains only to 2 carriers. However, in this scheme, the UE transmits a POST codeword instead of not transmitting at all during the second half of the slot. This is illustrated in Figure 3.
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Figure 3: Block diagram representation of the single code 1xSF128 HS-DPCCH design scheme with POST codeword when 2 carriers are scheduled.

NodeB Receiver Processing for Scheme 3:
The NodeB is cognizant of the fact that only two carriers are scheduled. In this scheme, the NodeB expects a POST codeword on the second half of the slot. The excess energy can be used for DTX detection. Therefore:
· DTX detection is performed based on the energy over the whole slot.

· HS-DPCCH decoding is also based on the energy over first half of the slot.

· No decoding is performed on the second half of the slot since the POST codeword is expected.

· The POST codeword is only used for DTX detection.

Scenario B
· In this scenario, all 4 DL carriers are activated and are denoted by C1, C2, C3 and C4.

· The NodeB scheduled data on all the 4 carriers

· Carriers {C1, C2, C3, C4}
The UE transmit HS-DPCCH ACK information for the 4 carriers by performing joint coding for 2 carriers at a time from the appropriate Rel-9 codebook. Under this scenario, we evaluate the link performance of the following HS-DPCCH schemes:

Scheme 1: Two Code Solution

· HS-DPCCH: 2xSF256 (I/Q) multiplexed.

Under this design scheme, the UE transmits HS-DPCCH ACK information on two orthogonal channelization codes. Each code corresponds to information pertaining to two carriers. Under Scenario B, the UE transmits HS-DPCCH information on both the codes. Figure 4 shows an illustration of scheme 1.
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Figure 4: Block diagram representation of the two code 2xSF256 HS-DPCCH design scheme when 4 carriers are scheduled.

NodeB Receiver Processing for Scheme 1:
The NodeB is cognizant of the fact that all four carriers are scheduled. However, the UE may not receive one or more HS-SCCH code in error. Therefore, the NodeB processes each code independently as follows: 
· DTX detection is performed based on the energy over the entire slot

· DTX detection is performed for each code individually

· HS-DPCCH decoding is also based on the energy over the entire slot for each code.

Scheme 2: Single Code Solution with POST

· HS-DPCCH: 1xSF128 with POST
Under this design scheme, the UE transmits HS-DPCCH ACK information on a single channelization code encoding information for the 4 DL carriers into two blocks of 10 symbols each. The blocks are then transmitted in a TDM fashion for a slot. Under Scenario B, the UE transmits HS-DPCCH information on both half slots. Figure 5 shows an illustration of scheme 1.

[image: image5.emf]
Figure 5: Block diagram representation of the single code 1xSF128 HS-DPCCH design scheme with POST codeword when 4 carriers are scheduled.

NodeB Receiver Processing for Scheme 2:
The NodeB is cognizant of the fact that all four carriers are scheduled. However, the UE may not receive one or more HS-SCCH code in error. If the UE does not receive the HS-SCCH information for two of the carriers {C3, C4}, then it would transmit a POST codeword on the second half of the slot. In order to detect this event, the NodeB would have to account of this possibility. However, since there would always be energy present on both halves of the slot, the NodeB can take advantage of the POST codeword for the purposes of DTX detection.

· Combined DTX detection is performed based on the energy over the whole slot.

· HS-DPCCH decoding is also based on the energy over first and second halves of the slot independently.

· Since the UE may transmit POST on either half, the POST codeword is added to the codebook at the NodeB. Since the codebook size at the NodeB has increased by one, the decoding error probability for this scheme is higher than that of Schemes 1 and 2. This is shown in Section 4.
Scenario C

· In this scenario, all the 4 DL carriers are configured but only 2 DL carriers are activated. They are denoted by C1 and C2.

· The NodeB schedules data on both the activated carriers
· Carriers {C1, C2}

Under this scenario, we evaluate the link performance of the following HS-DPCCH design schemes: 

Scheme 1: Two Code Solution

· HS-DPCCH: 2xSF256 (I/Q) multiplexed.

Under this scenario, the UE transmits HS-DPCCH ACK information pertaining to two carriers. Therefore, this scheme is essentially the same as Scheme 1 under Scenario A. For purposes of clarity, we illustrate this scheme in Figure 6 again.
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Figure 6: Block diagram representation of the two code 2xSF256 HS-DPCCH design scheme when 2 carriers are activated and both carriers are scheduled.

Scheme 2: Single Code Solution with Empty (DTX) Half Slot

· HS-DPCCH: 1xSF128 with empty half slot
Under this scenario, the UE transmits HS-DPCCH ACK information pertaining to two carriers. Therefore, this scheme is essentially the same as Scheme 2 under Scenario A. For purposes of clarity, we illustrate this scheme in Figure 7 again.
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Figure 7: Block diagram representation of the single code 1xSF128 HS-DPCCH design scheme with an empty half slot when 2 carriers are activated and both carriers are scheduled.
Scheme 3: Single Code Solution with Repetition

· HS-DPCCH: 1xSF128 with POST
This design scheme is similar to Scheme 2 in that both schemes use a single code with SF 128. However, since only 2 carriers are activated, the UE repeats the information pertaining to the 2 carriers on the second half of the slot. This is illustrated in Figure 8.
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Figure 8: Block diagram representation of the single code 1xSF128 HS-DPCCH design scheme with repetition when 2 carriers are activated and both carriers are scheduled.
All the illustrations shown in Figures 1-8 are for the case when the carriers that are configured are non-MIMO. However, the same design principles hold even when one or more MIMO carriers are configured. In that case, the codebook used would correspond to the Rel-9 DC-MIMO codebook.

2.1
Legacy PRE/POST Operation

In order for the POST codeword to be used as a “gap filler”, it is necessary to ensure that the legacy PRE/POST operation is not affected. The legacy single carrier PRE/POST operation can be detailed as follows:
If HS-SCCH is detected at time n:

· PRE is sent at time n-1, unless an ACK/NACK is scheduled at time n-1.

· ACK/NACK is sent at time n, depending on HS-PDSCH result.

· Post is sent at time n+1, unless an ACK/NACK/PRE is scheduled at time n+1.

DTX is transmitted at time n if and only if an HS-SCCH is not detected at time n-1, n, n+1.
Based on the above PRE/POST operation, if, for example, an HS-SCCH is detected for all 4 configured carriers at time N but not in N-1 or N+1, then the UE would transmit a sequence as illustrated in Figure 9
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Figure 9: PRE/POST operation when the UE detects 4 HS-SCCH at time N.

It is considered that similar PRE/POST transmissions can be applied for other scenarios pertaining to PRE/POST operation as well. 
3
Simulation Assumptions and Metrics

Table 1 shows the assumptions that used in the simulations conducted.
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	HS-DPCCH C/P [dB]
	-9.54 … 6.02

	Number of Rx Antennas
	2

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	Rake Receiver


3.1
Simulation Metrics
· False Alarm 

· This event occurs when the NodeB falsely detects data when the UE transmits only DTX. For all the results shown in this document, the false alarm probability is set to be 10%
· Misdetection

· This event occurs when the NodeB does not detect data and the UE transmits data. The probability of misdetection is plotted in for all the schemes and scenarios simulated in the next section.
· Misdetection or Decoding error
· This event occurs when one of the following events occur
· The NodeB does not detect data when the UE transmits data, OR

· The NodeB corrects detects data but decodes it incorrectly.
The probability of this event is shown for the schemes and scenarios simulated in the next section.
4
Simulation Results

In this section, simulation results are shown for the scenarios described in Section 2. The simulation assumptions and the metrics used are described in Section 3.
Scenario A

Figure 10 shows the probability of misdetection and the probability of misdetection or decoding error for the three schemes outlined in Section 2 under Scenario A. The carriers that are scheduled are configured with non-MIMO operation. The results are shown for the AWGN channel for a target False Alarm Probability = 0.1. Results for the PA3, PB3, VA30 and VA120 channels can be found in Figures 16-19 in the Annex.
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Figure 10: Simulation results for Scenario A; Schemes 1, 2 and 3; Non-MIMO Carriers; AWGN; FAR = 10%
Figure 11 shows the probability of misdetection and the probability of misdetection or decoding error for the three schemes outlined in Section 2 where the carriers scheduled with MIMO transmissions. The results are shown for the AWGN channel for a target False Alarm Probability = 0.1.
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Figure 11: Simulation results for Scenario A; Schemes 1, 2 and 3; MIMO Carriers; AWGN; FAR = 10%
Observation
The following observations can be made from Figures 10, 11 and 16-19:
· For both MIMO and the Non-MIMO carriers, Scheme 2 has the worst performance. This is due to the fact that the misdetection is based only on the energy over half a slot. The decoding error performance is comparable to that of misdetection. 

· The required HS-DPCCH C/P for Scheme 2 is 3dB higher than Scheme 1 for both MIMO and non-MIMO carriers at a target misdetection or decoding error probability of 1%
· In the case of Scheme 3, the misdetection performance performs better than that of Scheme 1 but when the overall probability metric is considered (misdetection and decoding error), then Scheme 1 has the better performance. This is because the decoding error performance is based only on the energy of half a slot. 
· The required HS-DPCCH C/P for Scheme 3is between 1.8 and 2.2dB higher than Scheme 1 for all the channels at a target misdetection or decoding error probability of 1%
Note however that the HS-DPCCH C/P is typically set based on the worst case scenario. This is case when the UE transmits information for all the 4 carriers (MIMO or non-MIMO). This corresponds to Scenario B. 

Based on the results from figures 10, 11 and 16-19, we can conclude that Scheme 2 can be eliminated from consideration. The choice between Scheme 1 and Scheme 3 can then be made based on the results seen in scenario B and the cubic metric analysis performed in [3].
Scenario B
Figure 12 shows the probability of misdetection and the probability of misdetection or decoding error for the two schemes outlined in Section 2 under Scenario B. The carriers that are scheduled are configured with non-MIMO operation. The results are shown for the AWGN channel. Results for the PA3, PB3, VA30 and VA120 channels can be found in Figures 20-23 in the Annex. The target false alarm probability = 0.1
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Figure 12: Simulation results for Scenario B; Schemes 1 and 2; Non-MIMO Carriers; AWGN; FAR = 10%
Figure 13 shows the probability of misdetection and the probability of misdetection or decoding error for the two schemes outlined in Section 2 under Scenario B where the carriers scheduled are configured with MIMO. The results are shown for the AWGN channel. The target false alarm probability = 0.1
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Figure 13: Simulation results for Scenario B; Schemes 1 and 2; MIMO Carriers; AWGN; FAR = 10%
Observation

The following observations can be made from Figures 12, 13 and 20-23:
· For both MIMO and the Non-MIMO carriers, Scheme 2 performs better than Scheme 1 when misdetection is considered. This is because the DTX detection is performed for all the 4 carriers in a combined fashion in Scheme 2. In Scheme 1 on the other hand, the misdetection is based on each individual code. 

· The required HS-DPCCH C/P for misdetection for Scheme 2 is around 2dB lesser than that of Scheme 1 for both MIMO and non-MIMO carriers at a target misdetection or decoding error probability of 1%

· Note in the case of Scheme 2, a misdetection is counted twice since the information of all 4 carriers is lost in that case. This is due to the fact that DTX detection is performed in a combined fashion.

· When considering the combined probability of misdetection or decoding error, Scheme 2 performs only marginally better in all the cases considered for a FAR target of 10%. This is because of the additional decoding errors that occur in Scheme 2 due to the addition of the POST codeword into the codebooks. 

· The required HS-DPCCH C/P for misdetection or decoding error for Scheme 2 is between 0.3dB and 0.6dB lesser than that of Scheme 1 for all the cases considered at a target misdetection or decoding error probability of 1%

Since the HS-DPCCH C/P is typically allocated based on the performance in this case, it is considered based on the results from figures 12, 13 and 20-23, that the performances of Schemes 1 and 3 are similar. Therefore, a design choice between the two schemes should be based on cubic metric consideration in [3].

Note further that if a POST codeword can also be incorporated into Scheme 1. In this case, the UE would transmit a POST codeword on the channelization code that it is not scheduled in. Then, the performance of Schemes 1 and 3 would be identical since the DTX detection would then be based on the combined energy of the two codes.

Scenario C
Figure 14 shows the probability of misdetection and the probability of misdetection or decoding error for the three schemes outlined in Section 2 under Scenario C. The carriers that are scheduled are configured with non-MIMO. The results are shown for the AWGN channel. Results for the PA3, PB3, VA30 and VA120 channels can be found in Figures 24-27 in the Annex. The target false alarm probability = 0.1
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Figure 14: Simulation results for Scenario C; Schemes 1, 2 and 3; Non-MIMO Carriers; AWGN; FAR = 10%

Figure 15 shows the probability of misdetection and the probability of misdetection or decoding error for the three schemes outlined in Section 2 under Scenario C where the carriers scheduled are configured with MIMO. The results are shown for the AWGN channel. The target false alarm probability = 0.1
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Figure 15: Simulation results for Scenario C; Schemes 1, 2 and 3; MIMO Carriers; AWGN; FAR = 10%

Observation

The following observations can be made from Figures 14, 15 and 24-27:

· For both MIMO and non-MIMO carriers Scheme 2 has the worst performance when compared with Schemes 1and 3. This is due to the fact that DTX detection is based on the energy from half a slot.

· The required HS-DPCCH C/P for misdetection or decoding error for Scheme 2 is 3dB more than that of Schemes 1 and 3for all the cases considered at a target misdetection or decoding error probability of 1%

· Schemes 1 and 3 have similar performance for all the cases considered. This is because the both the DTX detection and decoding error performance is based on the energy over the entire slot.

Based on the results from the figures 14, 15 and 24-27, it is considered that either Scheme 1 or 3 can be design choices under this scenario.
5
Conclusions

In this contribution, HS-DPCCH link level simulation results were shown for 3 scenarios and for 3 different design schemes. The link results shown are probabilities of misdetection and the probability of misdetection or decoding error. 

The HS-DPCCH C/P is allocated in 4C-HSDPA based on the link level simulation results in the scenarios studied in this contribution. Therefore, it is important to choose a scheme that performs adequately in all the scenarios considered. A design proposal based on the link level analysis conducted in this contribution is put forth in [2].
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Annex
Scenario A
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Figure 16: Simulation results for Scenario A; Schemes 1, 2 and 3; Non-MIMO Carriers; PA3; FAR = 10%
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Figure 17: Simulation results for Scenario A; Schemes 1, 2 and 3; Non-MIMO Carriers; PB3; FAR = 10%
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Figure 18: Simulation results for Scenario A; Schemes 1, 2 and 3; Non-MIMO Carriers; VA30; FAR = 10%
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Figure 19: Simulation results for Scenario A; Schemes 1, 2 and 3; Non-MIMO Carriers; VA120; FAR = 10%

Scenario B
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Figure 20: Simulation results for Scenario B; Schemes 1 and 2; Non-MIMO Carriers; PA3; FAR = 10%
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Figure 21: Simulation results for Scenario B; Schemes 1 and 2; Non-MIMO Carriers; PB3; FAR = 10%
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Figure 22: Simulation results for Scenario B; Schemes 1 and 2; Non-MIMO Carriers; VA30; FAR = 10%
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Figure 23: Simulation results for Scenario B; Schemes 1 and 2; Non-MIMO Carriers; VA120; FAR = 10%
Scenario C
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Figure 24: Simulation results for Scenario C; Schemes 1, 2 and 3; Non-MIMO Carriers; PA3; FAR = 10%
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Figure 25: Simulation results for Scenario C; Schemes 1, 2 and 3; Non-MIMO Carriers; PB3; FAR = 10%
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Figure 26: Simulation results for Scenario C; Schemes 1, 2 and 3; Non-MIMO Carriers; VA30; FAR = 10%
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Figure 27: Simulation results for Scenario C; Schemes 1, 2 and 3; Non-MIMO Carriers; VA120; FAR = 10%
