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1 Introduction
HS-DPCCH design for 4C-HSDPA has been extensively discussed during the WI phase of 4C-HSDPA. Even though some decisions were taken at RAN1#61 the HS-DPCCH design for 3C-HSDPA without MIMO is still open. To meet the WI time-plan it is desirable to determine spreading factor and codebook at this meeting. The discussion on 3C-HSDPA without MIMO from RAN1#61 resulted in the following list of possible alternatives.
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This contribution evaluates the performance that can be achieved with the different options. In particular the performance associated with the straightforward extension where the Rel-9 codebook is reused is compared to the performance that can be achieved with a completely new codebook. For the scenarios where a new codebook is designed we study two alternatives. The first alternative requires that the HARQ-ACK information of the primary (and 1st secondary) carrier can be correctly decoded by the Node-B also when the UE and the Node-B have different views regarding the number of active downlink carriers. The second option is instead based on a completely new codebook optimized for 3C-HSDPA. For this purpose we reuse the codebook previously presented in [2] and we highlight that this codebook will be less robust or result in parallel modes. 

2 Discussion
2.1 Simulation assumptions and performance measures

When evaluating the performance of the HARQ-ACK codebooks we focus on a scenario where the false alarm rate requirement is 0.01.
 The requirement on false alarm will affect the power offset that the UE needs to utilize when transmitting the HARQ-ACK. It should be noted that the power offsets only can vary with the configuration and activation status of the downlink carriers (i.e. it can not be dependent on whether the Node-B has scheduled any transmissions on a particular carrier). 
In practice UEs will be buffer-limited part of the time (with increasing downlink peak data rate increases since the data buffer can be emptied in a shorter time-period) and it is therefore in our view important that the HARQ-ACK power offsets are determined for a scenario where the Node-B only schedules data on a subset of the carriers. Consequently, we focus on a scenario where the false alarm rate is 0.01.
Another assumption in our simulations that should be highlighted is the probability with which the UE transmits ACK, NACK and DTX. In the presented evaluations the probability with which a UE misses an HS-SCCH for a particular carrier is 0.01 while the probability of transmitting an ACK or NACK (given that the HS-SCCH was not missed) is 0.9 and 0.1, respectively.  
Yet another assumption that deserves to be highlighted is that we in part of the evaluations have assumed that the POST codeword is reused as the DTX codeword. This was the agreement made at RAN1#61. For comparison reasons we also include the performance of a codebook in which a new DTX codeword is used (DTX = [0 0 1 1 0 1 1 0 1 0]). Finally, we highlight that the results are based on that the Node-B always account for the DTX codeword when it decodes a HARQ-ACK transmission.
As performance measure we use the misdetection probability. This is defined as the event that the UE transmits an HARQ-ACK codeword but the Node-B fails to decode the codeword correctly and that a true DTX is interpreted by the Node-B as a valid codeword.  

2.2 Evaluated schemes
We consider the following schemes:
Scheme 1: Design a new codebook in which certain of the Rel-9 codeword are reused so that it can be ensured that the performance of the primary downlink carrier is robust. This allows that the UE and Node-B have different views on the number of carriers that are active. The codebook is presented in the Appendix and we note that this corresponds to alternative 1b as listed above.
Scheme 2: Rely on the 1xSF256 HS-DPCCH design proposed in [2] in which a new HARQ-ACK codebook is designed solely for the 3C-HSDPA without MIMO scenario. This corresponds to alternative 1b and/or alternative 2 listed in the introduction.

Scheme 3: This scheme reuses the same HS-DPCCH format as when 4 carriers are configured. However, for the HARQ-ACK field that would correspond to the 4th carrier DTX is always transmitted. This corresponds to alternative 1a as listed in the introduction.
Scheme 4: This scheme reuses the same HS-DPCCH format as when 4 carriers are configured. However, for the HARQ-ACK field that would correspond to the 3rd carrier the DTX is always transmitted. This corresponds to alternative 1a as listed in the introduction.
Scheme 5: This scheme is the Rel-5 codebook and it is simply included for comparison reasons.

Clearly the performance of the alternatives presented above will vary. In particular, the performance of scheme 1 and scheme 2 will have somewhat better decoding performance as compared to scheme 3 and scheme 4. Having said this it is however also important to notice that designing a new codebook will be associated with some obvious disadvantages such as:
· An additional HARQ-ACK codebook needs to be implemented and tested. 
· HARQ-ACK codebook proposed in [2] (scheme 2) will either result in parallel modes or in the need to handle several additional error cases arising e.g. when a secondary downlink carrier is deactivated.
2.3 HARQ-ACK performance evaluation

Figure 1 and Figure 2 illustrate the misdetection probability as a function of Ec/N0 for an AWGN channel when the false alarm probability requirement is 0.01.
 It is evident that for a misdetection probability requirement of 0.01 the HARQ-ACK codebooks tailored for 3C-HSDPA (scheme 2 and scheme 1) offer a performance gain of 0.25 dB when the POST codeword is reused as the new DTX codeword as compared to scheme 3 and scheme 4. It is also noteworthy that there are no significant performance differences between scheme 1 and scheme 2 or between scheme 3 and scheme 4. The former indicates that, if RAN1 were to design a new codebook for the 3C-HSDPA case it is possible to select a codebook that is robust. The latter suggests that there is not any performance difference from DTXing carrier 3 or carrier 4. When a new DTX codeword (see Figure 2) is introduced the performance gap is slightly larger. However, the qualitative results still remain.
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Figure 1: Probability of misdetection as a function of Ec/N0 when the false alarm probability requirement is 0.01. Note that POST codeword is reused as the DTX codeword in these results. 
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Figure 2: Misdetection probability as a function of Ec/N0 for a scenario where the false alarm rate probability requirement is 0.01. Note that a new codeword is used as DTX codeword in these results. 
Figure 3 and Figure 4 illustrate the misdetection performance when the false alarm probability is 0.1. For this case we can note that the performance gap between the codebooks tailored for the 3C-HSDPA scenario and the HS-DPCCH format for the 4C-HSDPA codebook is reused is 0.5 dB both when the POST codeword is reused as DTX codeword and when a new DTX codeword is introduced.
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Figure 3: Probability of misdetection as a function of Ec/N0 when the false alarm probability requirement is 0. 1. Note that POST codeword is reused for the DTX codeword.
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Figure 4: Misdetection probability as a function of Ec/N0 for a scenario where the false alarm rate probability requirement is 0.1. Note that a new codeword is used as DTX codeword here.
From the analysis presented above it is clear that a codebook optimized for 3C-HSDPA can improve the HARQ-ACK performance. However, the relevant question becomes whether the observed performance gains of 0.25-0.5dB motivates the additional complexity, testing cost, implementation cost, error cases, etc. In an attempt to answer this question Figure 5 shows the additional transmit power that could be allocated to E-DPDCH(s) transmissions when a varying amount of power allocated to HS-DPCCH can be saved. This relationship can be expressed as
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where x denotes the reduction in HARQ-ACK transmit power that can be achieved by using the more efficient scheme, 
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 denotes the power ratio between the E-DPDCH(s) and the DPCCH related to scheme 1. 
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represents the power ratio between the HS-DPCCH and the DPCCH for the scenario where scheme 3 is applied and in our evaluation we assume that this is 0 dB. 
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Figure 5: Additional amount of power (in %) that can be allocated to E-DPDCH transmissions if scheme 1/2 is used instead of scheme 3/4. 
For the sake of comparison the E-DPDCH power offsets needed for transmitting the TCP ACKs when the average downlink data rate per carrier is 21, 10.5 and 1.67 Mbps has been included.
 In our view the main conclusion from this figure is that the benefit in terms of additional power available for E-DPDCH transmissions offered by a new codebook designed for the special case of 3C-HSDPA without MIMO is highly limited - even for moderate downlink data rates. 

It could be argued that the absolute amount of transmit power that the UE needs to spend on HS-DPCCH will increase as the UE becomes headroom limited. However, since the UE in such situations is unlikely to be able to transfer higher layer overhead we would expect that the Node-B deactivates the secondary carriers instead.
2.4 Power offsets
Another aspect that is worthwhile considering is whether the performance gain associated with scheme 1 and scheme 2 (as compared to scheme 3 and scheme 4) would allow the network to use a smaller power offset for the HARQ-ACK field. Table 1 presents the power offsets (with respect to Rel-5) at 1 percent misdetection and 1 percent false alarm. From the table we can observe that all schemes would require a 2 dB offset. This is similar to what is used for Rel-8 and therefore we would expect a HS-DPCCH coverage on par with Rel-8 DC-HSDPA. 
Table 1: Power offset as compared to Rel-5 for the studied schemes.

	Configuration
	Power offsets compared to HARQ-ACK in Rel-5 (PFA=1%)

	
	Average performance
	Worst case (POST codeword)
	Worst case (new DTX codeword)

	S/S/S (Scheme 1)
	1.4
	1.4
	1.4

	S/S/S (Scheme 2)
	1.4
	1.5
	1.4

	S/S/S (Scheme 3)
	1.5
	2.5
	2.1

	S/S/S (Scheme 4)
	1.6
	2.5
	2.1


2.5 Robustness

As we have mentioned previously during the 4C-HSDPA HS-DPCCH WI phase one of the main advantages with reusing the Rel-9 HS-DPCCH codebook and rely on self-contained CQI reporting is (aside from its simplicity) that it enables a certain degree of robustness. In particular, the Node-B will always be able to decode HARQ-ACK information associated with the primary DL regardless of whether the UE and Node-B have a different view on the number of active DL carriers. This was also one of the main design principles used in Rel-8 and Rel-9 HS-DPCCH codebooks. In the following we evaluate whether scheme 2 can provide the same level of robustness. We evaluate two scenarios
Scenario 1: The UE is configured with 3C-HSDPA and all DL carriers are active. 

1. Carrier 3 is then deactivated by the Node-B by an HS-SCCH order 

2. The order is successfully received by the UE which transmits the corresponding ACK message. 

3. This ACK is not received by the Node-B
In this scenario the Node-B will be under the assumption that the UE did not received the HS-SCCH order and that it still uses the HS-DPCCH format corresponding to the case where it has 3 active DL carriers. The UE will, on the other hand, use HARQ-ACK encoding according to the assumption that there only are 2 active DL carriers.
Assume now that the Node-B subsequently to transmitting the HS-SCCH order schedules data on carrier 1 and carrier 2 and that the UE has decoded these transmissions successfully. As there – from the perspective of the UE – only are two active DL carriers the UE should rely on the Rel-8 codewords when sending the HARQ-ACK information (possibly the UE could rely on the Rel-9 codebook). According to Table 15C.1 in [3] the codeword for A/A = ‘1 0 1 0 1 0 1 0 1 0’ in the Rel-8 codebook and from Table 15C.2 the codeword for A/A/D =’1 1 0 1 0 0 0 0 1 1’ in Rel-9. 
From the Node-B’s perspective the UE still has 3 active DL carriers. Hence, during the decoding process the Node-B would compare HARQ-ACK information to the 3C-HSDPA codebook. According to [2] the codeword A/A/D = ‘0 0 0 1 1 0 0 1 1 0’. Since this codeword is different from the Rel-8 codeword we can conclude that the HS-DPCCH design proposed in [2] fails to provide any robustness for the primary carrier.
Scenario 2: The UE is configured with 4C-HSDPA and carrier 1, 2, and 3 are configured without MIMO whereas carrier 4 is configured with MIMO.
1. Carrier 4 is then deactivated by means of an HS-SCCH order.

2. The order is successfully received by the UE which transmit the corresponding ACK message.  

3. The ACK transmitted by the UE is not received by the Node-B

In this scenario the UE will rely on the 3C-HSDPA HARQ-ACK codebook provided in [2] (otherwise there will be parallel modes). The Node-B will instead assume that the 4C-HSDPA HARQ-ACK codebook is used. For the latter scenario it has already been agreed that the 1xSF128 solution where the Rel-9 DC-HSDPA MIMO codebook is used shall be applied. According to the solution proposed in [3] both the SF and the codebook are changed. Hence it can be concluded that the solution in [2] does not provide any robustness for the primary DL carrier.

3 Conclusions
This contribution provides additional analysis on the potential need for having a tailored solution for the special case of 3C-HSDPA without MIMO. For this purpose we compared a HS-DPCCH solution in which the same HARQ-ACK codebook as for the 4C-HSDPA (we previously proposed and described this solution in [1]) also is used for the 3C-HSDPA w/o MIMO cases with a few new codebooks tailored for 3C-HSDPA. The main conclusions from this contribution are:

· The performance gain that is offered by using a HARQ-ACK design tailored for 3C-HSDPA is marginal. 

· The HS-DPCCH design proposed in [2] does not offer any robustness with respect to the HARQ-ACK information for the primary DL carrier. 

Based on these conclusions we propose:

Proposal 1: Adopt a 1xSF128 HS-DPCCH solution also for the case of 3C-HSDPA and where none of the carriers are configured with MIMO. 

Proposal 2: Reuse the Rel-9 HARQ-ACK codebook also for the case of 3C-HSDPA and where none of the carriers are configured with MIMO.
Proposal 3: Discuss whether a new DTX codeword for the 3C-HSDPA without MIMO as a possible optimization.

Proposal 4: Agree that the HARQ-ACK information of the fourth carrier always is DTXed (i.e. the codeword A/D would be used when sending an ACK for carrier 3) when a UE is configured with 3 carriers without MIMO.
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5 Appendix – Codebook for scheme 1
The shaded part represents Rel-9 codewords that are re-used for the 3C case.

	Rel-9 configuration
	3C configuration
	Codeword

	A/D
	A/D/D
	 1 1 1 1 1 1 1 1 1 1

	N/D
	N/D/D
	 0 0 0 0 0 0 0 0 0 0

	D/A
	D/A/D
	 0 0 0 0 0 0 1 1 1 1

	D/N
	D/N/D
	 1 1 1 1 1 1 0 0 0 0

	A/A
	A/A/D
	 1 1 0 1 0 0 0 0 1 1

	A/N
	A/N/D
	 0 0 1 1 1 0 1 0 0 1

	N/A
	N/A/D
	 1 0 0 1 0 1 1 1 0 0

	N/N
	N/N/D
	 0 1 1 0 0 1 0 1 0 1

	-
	D/D/A
	 0 1 0 1 0 1 1 0 0 1

	-
	D/D/N
	 1 0 1 1 0 0 0 1 0 1

	-
	A/D/A
	 0 0 0 1 1 1 0 1 0 1

	-
	A/D/N
	 0 0 1 1 0 1 0 0 1 1

	-
	N/D/A
	 1 0 1 0 0 1 1 0 0 1

	-
	N/D/N
	 0 1 0 1 0 1 0 1 1 0

	-
	D/A/A
	 0 1 0 0 1 1 0 0 1 1

	-
	D/A/N
	 0 0 0 1 1 1 1 0 1 0

	-
	D/N/A
	 0 1 1 0 0 1 1 0 1 0

	-
	D/N/N
	 1 0 1 1 0 0 1 0 1 0

	-
	A/A/A
	 0 1 1 1 0 0 1 1 0 0

	-
	A/A/N
	 0 0 1 0 1 1 1 1 0 0

	-
	A/N/A
	 1 0 1 0 1 0 0 0 1 1

	-
	A/N/N
	 0 0 1 1 1 0 0 1 1 0

	-
	N/A/A
	 1 1 1 0 0 0 0 1 1 0

	-
	N/A/N
	 1 1 0 0 1 0 1 0 1 0

	-
	N/N/A
	 1 1 0 0 1 0 0 1 0 1

	-
	N/N/N
	 1 0 0 0 1 1 0 1 1 0











































































































































































































Case of 3C configured w/o MIMO is FFS until RAN1#61bis:


Alt 1: SF128


Alt 1a: Re-use Rel-9 codebook


Alt 1b: New codebook


Alt 2: SF256


Alt 3: SF128 except for UEs of a category limited to 3C w/o MIMO


Choice of codebook FFS



































� The false alarm rate is here defined as the probability that true DTX is detected as a valid codeword (including the DTX codeword). Note that the threshold required for a given set of activation statuses of downlink carriers will only depend on the size of the codebook considered in the decoding process.


� The misdetection performance is defined as the event that the UE transmits an HARQ-ACK codeword but the Node-B fails to decode the codeword correctly.


� Assuming a TCP ACK size of 40 bytes, a TCP packet size of 1500 bytes, and following the assumptions in � REF _Ref261362716 \r \h � \* MERGEFORMAT �[4]� the maximum DL/UL asymmetry can be computed as 1500/(0.5*40)=75. This suggests that the uplink data rate required for the TCP ACK will be 1/75=1.33 percent of the throughput of the associated downlink data rate (Note that this uplink traffic will have to coexist with other uplink traffic)
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