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1 Introduction
During RAN1#59bis and RAN1#60 the following was agreed for the HS-DPCCH design for 4C-HSDPA WI [1]:


This contribution focuses on the special case where 3 carriers without MIMO are configured. The purpose of the contribution is to evaluate to what extent the performance can be improved by optimizing the HS-DPCCH design towards this special case. The general case where more than 3 carriers are configured and/or where some of the carriers are configured with MIMO is discussed in a companion paper [4].
2 Practical issues for HS-DPCCH design
It is already agreed that 4C-HSDPA operation shall be supported in combination with 1 or 2 configured uplink carrier(s). This means that it always must be possible to map the HSDPA feedback channel (HS-DPCCH) onto a single uplink carrier. Since DCH moreover can be configured together with a single uplink carrier the HS-DPCCH scheme must also be able to coexist with DCH.
Aside from these already agreed characteristics we believe that the merits of the proposed HS-DPCCH solutions should be evaluated based on the following high-level requirements

· The adopted HS-DPCCH solution should maximize area availability. This high-level requirement states that UEs should be able transfer sufficient amount of feedback information on the uplink. Note that this feedback not only will consist of HS-DPCCH but also of feedback information related to higher layers (e.g., RLC or TCP). Considering that TCP and RLC feedback is non-negligible it is important to maximize total uplink coverage as opposed to only maximize “HS-DPCCH coverage”.

· The HS-DPCCH solution should be robust. This requirement expresses the desire to minimize the number and severity of potential error cases that arise as a consequence of HS-SCCH ordered activation. The same guiding principles as used for Rel-8/9 where the HARQ-ACK codebook, CQI format, etc. are re-used when some of the secondary serving HS-DSCH cells are deactivated shall be used. 
· Node B should be able to achieve similar performance as Rel-8 (DC-HSDPA) and Rel-5/6/7 by deactivating secondary carrier(s). In short this states that a Rel-10 capable Node B always should be capable of offering at least the same performance as a Rel-5/6/7/8 capable Node B by deactivating the suitable secondary carriers. For example, if the Node B deactivates all secondary downlink carrier(s) the performance should be on par with the one offered by SC-HSPA.

· UE-specific CQI repetition factor and carrier- and UE-specific CQI feedback cycles should be supported. In Rel-5/6/7/8/9 the CQI repetition and CQI feedback cycle are UE specific. That is the same value is applied for all carriers. In Rel-8 DC-HSDPA common values for both these parameters were motivated by the fact that the two downlink carriers were adjacent and that none of them could be configured in MIMO mode. However, Rel-10 4C-HSDPA downlink can be spread across different bands and MIMO is moreover configured on a per carrier basis. As a suitable CQI/PCI feedback cycle both is dependent on the carrier frequency and whether MIMO is configured there are motives to introduce carrier-specific CQI feedback cycles to minimize the overhead. With respect to the CQI repetition factor (and HARQ repetition factor) this is mainly motivated by a need to maintain cell edge coverage for HS-DPCCH.
3 HS-DPCCH design alternatives

Based on the HS-DPCCH related discussion that occurred during RAN1#59bis and RAN1#60 there are two alternatives for the HS-DPCCH design in 3C-HSDPA without MIMO
· Alternative 1: Reuse HS-DPCCH adopted for 4C-HSDPA (or 3C-HSDPA with MIMO on at least one of the carriers). With a 1xSF128 HS-DPCCH design the HARQ-ACK coding would re-use the Rel-9 DC-HSDPA-MIMO ACK/NACK codebook and the CQI coding would be based on the Rel-5 (20,5) block coding. This HS-DPCCH format is identical to the obtained format when 4 carriers without MIMO are configured and carrier 4 is deactivated as illustrated in Figure 2. Note also that the Node-B can exclude some of the code word hypotheses when decoding the HARQ-ACK. 
· Alternative 2: Introduce a special HS-DPCCH solution for the case where 3 carriers without MIMO are configured. This HS-DPCCH solution requires a new ACK/NACK codebook and possibly also a special solution for reporting the CQI information. An example of this type of solution is presented in Figure 1. A few even more complicated HS-DPCCH schemes “tailored” for the 3C-HSDPA without MIMO can be found in [3]. 
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Figure 1: An example of a HS-DPCCH format using 1xSF256 specifically designed for 3C-HSDPA.

Although ‘Alternative 2’ may have somewhat better performance than ‘Alternative 1’ it will be associated with several practical disadvantages. These disadvantages include for example that one more codebook has to be designed and that the 3C-HSDPA without MIMO will have to be tested individually. This will increase both implementation and testing costs. Thus, the question of interest is whether the additional costs and complexity can be motivated by a significant gain in overall performance. To answer this question we evaluate the performance of a 1xSF256 and 1xSF128 HS-DPCCH solution. 
The following section describes the HS-DPCCH solution presented in [4] in the context of a 3-carrier HSDPA (without MIMO) scenario. This presented solution is identical with the 4-carrier HSDPA HS-DPCCH solution proposed in [4] where all 4 carriers are configured without MIMO and carrier 4 is deactivated. The HARQ-ACK performance of this solution is furthermore compared with a 1xSF256 HS-DPCCH solution in which a new codebook designed with the objective of maximizing the minimum Hamming distance is used.
3.1 HS-DPCCH solution based on 1xSF128 for 3C-HSDPA
This section describes the HS-DPCCH solution for 3C-HSDPA based on 1xSF128. This solution is identical to the one presented in [4]. Here it is described in a context where 3 carriers without MIMO are configured. As the ACK/NACK codebook as well as CQI reporting scheme are identical with the ones proposed for 4C-HSDPA (or 3 carrier HSDPA with MIMO configured on some carrier(s)) and a dynamic change of SF is avoided by always utilizing SF128 this solution will minimize costs of implementing and testing.  

Our preferred 3C-HSDPA HS-DPCCH format for 3C-HSDPA is shown in Figure 2. This format reuses Rel-9 codebooks for each of the two HARQ-ACK fields. To avoid half-slot transmissions and to improve detection performance a ‘DTX codeword’ is introduced. This is equivalent to what we propose for 4C-HSDPA. To maximize decoding performance it is reasonable to map the ACK/NACK for carrier 3 onto the code words ‘ACK/DTX’ and ‘NACK/DTX’ (since this results in larger Hamming distance than mapping them to ‘DTX/ACK’ and ‘DTX/NACK’). Note also the order in which the CQIs are transmitted. The objective with this mapping is to minimize the changes needed if carrier 3 is deactivated.
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Figure 2: An HS-DPCCH format using 1xSF128 supporting 3C-HSDPA when MIMO is not configured on any of the downlink carriers.
This results in the following two proposals:

Proposal 1: The Rel-9 codebook is re-used for the HARQ-ACK transmissions with an additional DTX codeword. 
Proposal 2: ACK and NACK for carrier 3 use the code words ‘ACK/DTX’ and ‘NACK/DTX’ of the Rel-9 codebook.
As for the 4C-HSDPA the carriers in 3C-HSDPA can be spread across different bands. Since different frequency bands have different coherence time it could be reasonable to support carrier-specific CQI feedback cycles as a means to minimize the overhead. With respect to the CQI repetition factor we do not see any strong reasons to have this as a carrier-specific parameter. It should however be possible to use CQI repetition factors different from 1 (as in previous releases). From this discussion the following proposals can be extracted:
Proposal 3: Carrier-specific CQI cycles are supported.
Proposal 4: The CQI repetition factor should be common for all carriers (as in previous releases).
The Node B can deactivate (and re-activate) the secondary carrier(s) dynamically with HS-SCCH orders. When a secondary carrier has been deactivated there is no need to transmit HARQ-ACK messages corresponding to that carrier. To ensure a robust HS-DPCCH solution where the same HARQ-ACK codebook should be used regardless the activation status of the secondary carrier(s). The same principle was also used in Rel-9. 

To offer HS-DPCCH coverage on par with Rel-8 DC-HSDPA, the HARQ-ACK and CQI messages can be repeated when carrier 3 is deactivated. This is illustrated in Figure 3. Note that the instantaneous transmit power can be reduced with ~3dB due to the repetition. Similarly if all secondary downlink carriers are deactivated (so that only the serving HS-DSCH cell is active) repetition ensures that coverage similar to SC-HSDPA can be maintained. This HS-DPCCH format for this case is illustrated in Figure 4.
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Figure 3: HS-DPCCH format when carrier 3 is deactivated.
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Figure 4: HS-DPCCH when carrier 2 and carrier 3 are deactivated. 

Proposal 5: If carrier 3 is deactivated the HARQ-ACK and CQI messages of the activated carriers repeated.
Proposal 6: When CQI repetition is employed the CQI information associated with ‘carrier k’ is transmitted in a consecutive manner.
3.2 HARQ-ACK performance evaluation
This section evaluates the performance of the two HS-DPCCH alternatives for 3C-HSDPA without MIMO. More specifically, the following HARQ-ACK schemes are studied:
· 1xSF128 which corresponds to a baseline HS-DPCCH solution in which no special attention is given to 3-carrier scenario. Thus the Node B does not adapt its decoding process as compared to 4C-HSDPA but rather compares the HARQ-ACK message with all the possible code words in the Rel-9 codebook (including those which correspond to situations where more than one data block was transmitted on carrier 3).

· 1xSF128 Alt2 which corresponds to the HARQ-ACK scheme described in section 3.1 where ACK/NACK information for carrier 3 is mapped onto the second ACK/NACK field and only the code words ‘ACK/DTX’, ‘NACK/DTX’ and a new ‘DTX’ codeword are used. Note also that we assume that the Node B only considers the feasible code words in its decoding process.
· 1xSF256 where the HS-DPCCH information is transmitted on a single SF256. The evaluated codebook is illustrated in Table 1 in Appendix 6.2. This codebook has been designed with the objective to maximize the minimum Hamming distance.
The HARQ-ACK performance for the studied schemes is shown in Figure 5. The evaluation is performed at a false alarm rate of 1% and it is evident that the 1xSF256 solution offers a performance gain of 0.1-0.3dB when compared to ‘1xSF128 Alt2’ (the performance for a false alarm rate of 10 and 100 percent is shown in the Appendix). Considering the marginal difference it is questionable whether this would result in any gain in real systems.
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Figure 5
  ACK/NACK performance for the 3 carrier case using a 1% false alarm rate.

For 3C-HSDPA a CQI reporting scheme with a CQI feedback cycle of 3 ms can in principle be supported. This holds for a HS-DPCCH solution based on 1xSF128 as well as a solution based on 1xSF256. This is illustrated in Figure 6 and Figure 7, respectively. This cross-combined CQI reporting scheme has previously been proposed in [3]. 
The relationship between downlink performance and CQI feedback cycle has been evaluated both for scenarios where MIMO is not configured and for scenarios where MIMO is configured [5]-[6]. A common conclusion from these studies is that downlink performance gain that can be achieved by reducing the CQI cycle from 4 ms to 2ms is insignificant. Since the cross-combined CQI scheme only reduces the minimum CQI feedback cycle from 4 ms to 3 ms an even smaller gain can be expected. Secondly, it is unclear how the cross-combined scheme would work in a scenario where a CQI feedback cycle other than the minimum of 3 ms is desired. Thirdly, a cross-combined CQI reporting scheme would require separate testing. Motivated by these reasons our view is that the minimum supported CQI feedback cycle can be 4 ms also for 3C-HSDPA.
Proposal 7: The minimum supported CQI feedback cycle when 3C-HSDPA is configured is 4ms.
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Figure 6 Illustration of a cross combined CQI reporting scheme when a 1xSF128 HS DPCCH solution is assumed.

[image: image7]
Figure 7 Illustration of a cross combined CQI reporting scheme when a 1xSF256 HS DPCCH solution is assumed.
Also from a CM point of view there does not exist any reason to prefer a 1xSF256 solution over a 1xSF128. Using the CM values reported in [8] the relative gain in maximum transmit power of using a 1xSF128 solution instead of HS-DPCCH design based on 1xSF256 solution is presented in Figure 8. This has been computed as 10 (B-A)/10 where A is the MPR associated with the 1xSF128 and B is the MPR associated with 2xSF256. It is evident that both alternatives are associated with similar maximum transmit power (“coverage”).
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Figure 8: Relative gain in maximum transmit power from using 1xSF128 instead of 1xSF256.

4 Conclusions
This contribution has evaluated the potential performance benefits that can be achieved by designing a special HS-DPCCH solution for 3C-HSDPA when MIMO is not configured on any carrier. Our results show that the HARQ-ACK performance gain that can be achieved is 0.1-0.4dB. For what concerns adopting a new CQI reporting scheme the potential gains in downlink performance becomes even more questionable. Also any potential gains in CM are significant. Based on the marginal gains and considering that any special design will require additional design, implementation and testing our view is that there does not exists any technical reasons to adopt a special HS-DPCCH solution for the 3C-HSDPA solution only.
Our conclusions are summarized in the following proposals: 

Proposal 1: The Rel-9 codebook is re-used for the HARQ-ACK transmissions with an additional DTX codeword.
Proposal 2: ACK and NACK for carrier 3 use the code words ‘ACK/DTX’ and ‘NACK/DTX’ of the Rel-9 codebook.
Proposal 3: Carrier-specific CQI cycles are supported.
Proposal 4: The CQI repetition factor should be common for all carriers (as in previous releases).
Proposal 5: If carrier 3 is deactivated the HARQ-ACK and CQI messages of the activated carriers repeated.
Proposal 6: When CQI repetition is employed the CQI information associated with ‘carrier k’ is transmitted in a consecutive manner.
Proposal 7: The minimum supported CQI feedback cycle when 3C-HSDPA is configured is 4ms.
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6 Appendix 

6.1 Additional HARQ-ACK performance results
In Figure 5 above we evaluated the performance at a false alarm probability of 1%. Figure 9 below illustrates the error probability as a function of the Eb/N0 when a false alarm rate of 10 percent is assumed. Even though the difference between 1xSF256 and 1xSF128 Alt2 increases slightly, it is still does not exceed 0.5 dB.
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Figure 9  ACK/NACK performance for the 3 carrier case using a 10% false alarm rate.

Figure 10 depicts the error probability as a function of the Eb/N0 when the false alarm threshold approaches 100%, i.e. no detector is used. 
[image: image10.png]Detection performance - 3 carrier case

P(error | no detector)

T T T T

—o— 1xSF256
——1xSF128 1
—— 1xSF128 Alt2

-2 -1 0 1 2 3 4 5
Eb/NO [dB] - Normalized




Figure 10  ACK/NACK performance for the 3 carrier case using no detector.
6.2 Codebook used for 1xSF256
The HARQ-ACK codebook evaluated for the 1xSF256 HS-DPCCH solution is presented in Table 1. This codebook has been designed with the purpose of maximizing the Hamming distance. 
Table 1: Codebook used for the SF256

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

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

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

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

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

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

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

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

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

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

	N/D/N
	 0 0 0 1 0 1 0 1 0 0
	D/A/N
	 0 0 1 1 0 1 1 1 1 1
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RAN1#59bis


HS-DPCCH code design for case when 4 carriers are configured


Alternatives presented:


1xSF128


2xSF256


1xSF256


Choice  between 1xSF128 and 2xSF256 is to be made at RAN1#60. 


For CM studies, optimise for case without DCH; results may also be presented for case with DCH


FFS whether optimisations are needed / justified for special cases (e.g. 3 carrier case). 


FFS if HS-DPCCH transmission can be adapted depending on activation status of downlink carriers to maximise uplink efficiency, including whether Rel-9 format is used in case of only 2 carriers being activated





RAN1#60


The HS-DPCCH overall subframe structure with a 1-slot HARQ-ACK field followed by a 2-slot CQI field should be kept.


The minimum CQI feedback cycle with 4 activated carriers is 4 ms. FFS for other cases.


For the case of 4C with MIMO:


Re-use Rel-9 HS-DPCCH codebooks


For at least the case of 3C without MIMO:


Give special attention to optimisation


It is agreed that DCH is supported in conjunction with 4C-HSDPA when 1 UL is configured. 
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