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1. Introduction

The 3GPP RAN1#60bis meeting made a conclusion for 4C-HSDPA in [1] as below,
· 3/4C activated with MIMO configured on 1 or more activated carriers: SF 128

· 4C activated where no carriers are configured with MIMO: Working assumption for SF 128; evaluation shall only consider existing proposals already made at RAN1#60bis. 

Although RAN1#61 meeting had agreed to adopt 1xSF128 for 3/4C activated with at least one MIMO configured, some detail should be further considered. We still need to specify how to arrange 4 DL carriers and divide them into 2 groups. 
2. Discussion
2.1 Arrange DL carriers
Based on the agreement of last meeting, RAN WG1 assumes that the 1st, 2nd and 3rd secondary serving HS-DSCH cells will be indicated to the physical layer by higher layers. If two uplink frequencies are configured, the 1st secondary serving HS-DSCH cell is paired with the secondary uplink frequency.
When considering how to arrange and divide the DL carriers, a simple solution may be proposed as below:

· Arrange the DL carriers according to the serial number of carriers indicated by the higher layers, e.g primary carrier, 1st, 2nd and 3rd secondary carrier
· Put the primary carrier and 1st secondary carrier into the first group and the others into the second group. The HARQ-ACK messages and CQI messages of the first group are coded and positioned on HS-DPCCH1, while those of the second group are coded and positioned on HS-DPCCH2, shown in Figure 1.
· Fixed grouping: the grouping of DL carriers is not changed even if the activation states of secondary carriers changed.
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Figure 1 TDM of HS-DPCCH1 and HS-DPCCH2, 1xSF128
However, we find that the arranging and grouping scheme mentioned above may have some flaws:
· The mis-detection performance of similar configuration may vary from each other. For example,
· For the case of 4C with MIMO configured on 2 carriers, there may be 6 arrangement pattern: MMSS, MSMS, MSSM, SMMS, SMSM, SSMM; the mis-detection performance may be very different among different arrangement patterns, e.g. SMSM vs MSMS 
· Detail discussions are in the Annex. Based on the simulation results, we prefer MSMS arrangement pattern.
For simplicity, we would use Carrier 1, 2, 3, and 4 to denote the primary carrier, 1st, 2nd, and 3rd secondary carrier. Examples using fixed grouping are illustrated in Figure 2 ~ 5. 
The HS-DPCCH for 4 carriers with MIMO configured on carrier 1 can be designed as Figure 2.
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Figure 2: A possible HS-DPCCH design for 4 Carriers with 1 MIMO configured, 1xSF128

If carrier 2 is de-activated, the HS-DPCCH would be shown as Figure 2 according to fixed grouping,
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Figure 3: A possible HS-DPCCH design for 4 Carriers with 1 MIMO configured,

when carrier 2 is de-activated, fixed grouping, 1xSF128

If carrier 4 is de-activated, the HS-DPCCH would be shown as Figure 4 according to fixed grouping,
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Figure 4: A possible HS-DPCCH design for 4 Carriers with 1 MIMO configured,

when carrier 4 is de-activated, fixed grouping, 1xSF128

Noted that, {carrier 1, 3, 4} and {carrier 1, 2, 3} have same configuration: 1 MIMO + 2 non-MIMO, but different encoding fashion are used for same configuration, which may cause extra coding complexity for both UEs and NodeB. Furthermore, the HARQ-ACK detection performance and CQI power consumption may be also different. In order to have uniform scheme, we proposed that,

Proposal 1: Identical HS-DPCCH format shall be used for the same scenarios of activated carriers. 

That is to say, no matter which secondary carriers in Figure 1 is de-activated, the activated carriers should use the same HS-DPCCH format, e.g. to map the MIMO carrier onto HS-DPCCH1 and the others onto HS-DPCCH2. Therefore, the Proposal 1 would require flexible arranging and grouping of carriers onto HS-DPCCHs according to activation/de-activation status of carries. 

Proposal 2: Use flexible arranging and grouping of feedback information of DL carriers onto HS-DPCCH channels when the status of secondary carriers is changed by activation/deactivation.

If two of the secondary carriers are deactivated, e.g. carrier 2 and carrier 3, the HS-DPCCH would be shown as Figure 5 according to fixed grouping.
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Figure 5: HS-DPCCH for 4 Carriers with 1 MIMO configured,

 when carrier 2 and carrier 3 are de-activated, fixed grouping, 1xSF128
Hence, a more attractive way is to use flexible mapping scheme and to fallback to existing Rel-9 HS-DPCCH format with one single SF256 HS-DPCCH channel, shown in Figure 6.
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Figure 6: HS-DPCCH for 4 Carriers with 1 MIMO configured, 

when carrier 2 and carrier 3 are deactivated, flexible grouping, 1xSF256
Alternative way is to keep the SF128 structure unchanged, but map carrier 1 and 4 onto HS-DPCCH1 and repeat HS-DPCCH1 on HS-DPCCH2 field with bit interleaving, shown in Figure 7. Note that, if bit-interleaving is applied, the format of Figure 6 and 7 can be regarded the same.
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Figure 7: HS-DPCCH for 4 Carriers with 1 MIMO configured, 

when carrier 2 and carrier 3 are deactivated, flexible grouping, repetition and bit interleaving, 1xSF128
It is obvious that HS-DPCCH format of Figure 6 or 7 outperforms the format of Figure 5. So we propose that, 

Proposal 3: Fallback to legacy SF256 HS-DPCCH format or to use flexible grouped repetition and bit interleaving scheme with 1xSF128, when less than 3 carriers are activated.
2.2 Coding schemes for each group

Once carriers grouping is specified, there will be 5 cases in each group: S, M, S+S, S+M, and M+M, where S denotes non-MIMO carrier and M denotes MIMO carrier. Furthermore, we still have to specify what codebook should be designated for the case of S+S, S+M, since the performance of codebook of different sub-space is not same. 
For S+S,

· Apply the Rel-8 DC codebook.
· Apply the single-single sub-space of Rel-9 DC-MIMO codebook.
It is considered to apply the single-single sub-space of Rel-9 DC-MIMO codebook for S+S case when at least 1 MIMO is configured on the 3/4 activated carriers.
For S+M,
· Apply single-dual sub-space of DC-MIMO codebook.

· Apply dual-single sub-space of DC-MIMO codebook.

Which sub-codebook shall be selected is suggested be decided by the detection performance.
Detail discussions are in the Annex. Based on the simulation results, we prefer to apply dual-single sub-space of DC-MIMO codebook.
2.3 Example method of grouping
In this section, we investigate the possible arranging and grouping of DL carriers when 3 or 4 DL carriers are activated and MIMO configured at 1 or more carriers. An example of HS-DPCCH design for 4C-HSDPA based on flexible grouping is shown below in Table 2.

For simplicity, we use C0, C1, C2, and C3 to denote the carriers configured by RRC, i.e. primary carrier, 1st, 2nd, and 3rd secondary carrier. And they are arranged to F1~F4 with the following rules.

· If n carriers are activated and MIMO are configured in m carriers, firstly the m MIMO configured carriers are represented by F1, .., Fm, and then the activated carriers without MIMO configured are represented by Fm+1,…, Fn, at last deactivated carriers are routed to the final Fn+1~F4 . The order of F1,.., Fm  and Fm+1,…, Fn shall follow the same sequence of C0~C3. Once the status of carrier(s) changes, the representation shall be updated.

For example, if 4C-MIMO(2) are configured by RRC and MIMO is configured in C1 and C3, we shall regard  C1 as F1, C3 as F2, C0 as F3, and C2 as F4. Furthermore, if C1 is deactivated, then we should regard C3 as F1, C0 as F2, C2 as F3, and C1 as F4, shown in Figure 8.
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Figure 8: Illustration of arrangement and grouping
Note: symbol ‘A’ denotes ‘Activation’; ‘D’ denotes ‘De-activation’; ‘with M’ = ’with MIMO configured’
Table 2: Arranging and grouping of DL carriers for 3/4C activated with at least one MIMO configured
	Index
	Status of carriers
	HS-DPCCH design

	
	F1
	F2
	F3
	F4
	

	1
	1
	0
	0
	
	HS-DPCCH1 : {F1 } : M;

HS-DPCCH2 : {F2,F3} : S-S

	2
	1
	1
	0
	
	HS-DPCCH1 : {F1 } : M;

HS-DPCCH2 : {F2,F3} : M-S

	3
	1
	1
	1
	
	HS-DPCCH1 : {F1 } : M;

HS-DPCCH2 : {F2,F3} : M-M

	4
	1
	0
	0
	0
	HS-DPCCH1 : {F1, F4} : M-S;

HS-DPCCH2 : {F2, F3} : S-S

	5
	1
	1
	0
	0
	HS-DPCCH1 : {F1,F4} : M-S;

HS-DPCCH2 : {F2,F3} : M-S

	6
	1
	1
	1
	0
	HS-DPCCH1 : {F1,F4} : M-S;

HS-DPCCH2 : {F2,F3} : M-M

	7
	1
	1
	1
	1
	HS-DPCCH1 : {F1,F4} : M-M;

HS-DPCCH2 : {F2,F3} : M-M


NOTE: In Table 1, “0”=MIMO not configured, “1”=MIMO configured. Yellow background denotes the carrier is activated and white background means the carrier is deactivated. According to proposal 2, the UE shall choose the HS-DPCCH formats from Table 1 at the time when the status of carriers is changed. HS-DPCCH1 and HS-DPCCH2 are TDM as shown in Figure 1.
3. Conclusion
In this contribution, we indicate the flaw of fixed arranging and grouping of DL carriers, and provide a flexible arranging and grouping scheme. We proposed that: 
Proposal 1: Identical HS-DPCCH format shall be used for the same scenarios of activated carriers. 
Proposal 2: Use flexible arranging and grouping of feedback information of DL carriers onto HS-DPCCH channels when the status of secondary carriers is changed by activation/deactivation.

Proposal 3: Fallback to legacy SF256 HS-DPCCH format or to use flexible grouped repetition and bit interleaving scheme with 1xSF128, when less than 3 carriers are activated.
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Annex
Simulations are used to evaluate the codebook performance of HARQ-ACK.

A simple model that
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 is used for the simulation, where s is a symbol of a codeword, h is fading factor, and n is random value with standard normal distribution, i.e. n ~ N(0, 1). Every 20 symbol is received and decided by Maximum Likelihood method. 

This model is simple and effective without the influence of receiver characteristic, e.g. searcher, channel estimation and etc., so that we can focus on the performance of codebook.

The SNR in the following figures is defined as
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Simulation Metrics are listed as below, 
· Mis-detection

· For SF128, we recognize the 20 bits of HARQ-ACK field as a single codeword.
· This event occurs when the UE transmits HARQ-ACK codewords (exclude 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 decoded 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 decoded it as ACK message. 
NOTE: In the simulations, we generate ACK, NACK, and DTX messages 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 assumption: 
· Scenario: 4 carriers activated and MIMO configured on 2 carriers.
· Arranging pattern:  MMSS, MSMS, SMMS, SMSM
· DTX codeword is used, i.e. transmit DTX only when both the HARQ-ACK message of HS-DPCCH1 and HS-DPCCH2 are DTX. 
· DTX detection: i.e. false alarm is 100%, as the probability of transmitting DTX is about 10-8.
· Regard the 20 symbol as a codeword, and the mis-detection is based on 20-symbol codeword level.
Simulation results are shown in the following figures.
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Figure 9: Mis-detection of arrangement patterns
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Figure 10: Average extra PHY retransmission probability of arrangement patterns
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Figure 11: Average RLC retransmission probability of arrangement patterns

Observation:
· The mis-detection and e-PHY performance of MSMS arranging pattern surpasses the other patterns. Especially, MSMS outperforms SMSM by about 0.8 dB at 1%.
· The RLC performances of all patterns are similar with each other.
The advantage of MSMS is due to the dual-single sub-space of Rel-9 DC-MIMO codebook better than single-dual sub-space. Hence, we would prefer MS arrangement pattern for S+M case.
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