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Introduction

The topic of HS-DPCCH design for 4C-HSDPA has been discussed considerably over the last few meetings in [1]-[32]. 
In this contribution, we address the outstanding issue of HS-DPCCH format change due to activation and de-activation of secondary serving HS-DSCH cells in 4C-HSDPA. 
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Summary of HS-DPCCH design for 4C-HSDPA
During the 4C-HSDPA WI, the following notes, agreements and working assumptions have been made so far:
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

RAN1#60bis

· 3/4C activated with MIMO configured on 1 or more activated carriers: SF128.
· 4C activated where no carriers are configured with MIMO: Working assumption for SF128; evaluation shall only consider existing proposals already made at RAN1#60bis. 

Furthermore companies are requested to consider their positions with respect to the following 4 alternatives:
Alt 1: 

· SF128 for all cases of 3C or 4C configured; 

· SF256 for all cases of <3 C configured

Alt 2: 

· SF128 for at least the following cases:

· 3/4C activated with MIMO configured on 1 or more activated carriers

· SF256 for cases with less than 3 carriers activated

· Other activation/deactivation cases FFS

Alt 3: 

· SF128 for at least the following cases:

· 3/4C activated with MIMO configured on 1 or more activated carriers

· SF256 for cases with less than 3 carriers activated

· Other activation/deactivation cases FFS

· Activations / deactivations that would require a change of SF constrained to radio frame boundaries

Alt 4: 

· Use SF128 for all cases with coding and bit interleaving such that when pairs of HS-DPCCH bits are the same the transmitted chips are the same as SF256
3
HS-DPCCH Design Objective

In this section, we list a set of design objectives that should be considered for HS-DPCCH in 4C-HSDPA when secondary serving HS-DSCH cells are (de) activated.

· Reuse legacy Rel-9 HS-DPCCH format when 1 or 2 serving HS-DSCH cells are active

· This includes reusing the the same spreading factor (1x256) , channelization code and channel coding

· Minimize HS-DPCCH power offset when a reduced number (1, 2, 3) of serving cells are active

· Minimize NodeB complexity to handle switch in HS-DPCCH format at the time of (de)activation and de-activation

· HS-DPCCH format change at the time of (de)activation should not result in NodeB and UE going out of sync. In other words, the design should be robust enough to allow NodeB recovery from an error event where the NodeB misses an ACK from the UE in response to a (de)activation order.

3.1
Reuse of legacy Rel-9 HS-DPCCH format

In this sub-section, we attempt to justify the re-use of Rel-9 HS-DPCCH format when 1 or 2 serving HS-DSCH cells are active.

Although UE categories for 4C-HSDPA have yet to be agreed upon, it is expected that 3C/4C-HSDPA UEs may be capable of supporting a Rel-8/9 multi-carrier configuration. For example:

· a UE capable of 4 carriers with MIMO configured in each carrier may be configured with 2 carriers and MIMO in each carrier (DC-HSDPA+MIMO) by either a Rel-9 or a Rel-10 network.

· a UE capable of 3 carriers without MIMO configured in each carrier, may be configured with two carriers without MIMO configured in each carrier (DC-HSDPA). 

Clearly in the case of a Rel-8 or Rel-9 capable network, the 3C/4C-HSDPA UE would need to support the Rel-8/Rel-9 HS-DPCCH format (channel coding, spreading factor, modulation). Hence, we do not see a need for a Rel-10 network to configure the HS-DPCCH differently from previous releases for the legacy multi-carrier configurations.

Now with regard to the support of the 4C-HSDPA carrier combinations in Rel-10 UE, it is quite clear that the UE will need to support a new HS-DPCCH format compared to Rel-9, if it were configured with 3 or 4 carriers (with or without MIMO). However, irrespective of the new HS-DPCCH format that gets agreed upon for Rel-10, if upon receiveing a HS-DSCH serving cell activation/de-activation HS-SCCH order, the number of active serving HS-DSCH cells equals 1 or 2, we do not see a need for the UE to use a different HS-DPCCH format than previous releases (Rel-5 through Rel-9). In other words, we believe in the philosophy of not allowing for multiple physical layer designs (also referred to as parallel modes) for transmitting the same information. This is consistent with the approach taken in Rel-8, where a proposal in Rel-8 in [33],[34] to allow for both the 1x256 and 2x256 designs for HS-DPCCH, was successfully objected to by companies in RAN WG1#55 for this same reason.
Furthermore, if a UE were to switch (via Enhanced Serving Cell Change procedure or via RRC configuration) to a Rel-9 capable cell that is only capable of single-cell or dual cell operation, the UE would need to support a reconfiguration to the Rel-9 HS-DPCCH format during the call.

Based on the above, we believe the re-use of Rel-9 HS-DPCCH format when 1 or 2 serving HS-DSCH cells are active is justified.
4
Summary of HS-DPCCH proposal: Alternative 1 

Our understanding of the Alternative 1 proposal to transmit A/N information on HS-DPCCH using 1xSF128when one or two active carriers remain, is as follows:

Figures 1 through 3 show the HS-DPCCH configuration when the remaing active serving HS-DSCH cells (1 or 2) are not configured with MIMO. The HS-DPCCH power offset, X dB, corresponds to the amount needed in single carrier (Rel-5) when MIMO is not configured.
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Figure 1: When (F1) is the only active HS-DSCH serving cells (MIMO not configured), repeat A/N information in the second half time slot
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Figure 2: When (F1, F2) are the only active HS-DSCH serving cells (MIMO not configured), repeat A/N information in the second half time slot
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Figure 3: When (F1, F3) or (F1,F4) are the only active HS-DSCH serving cells (MIMO not configured), use the HS-DPCCH format as if 4 carriers were active

Figures 4 through 6 show the HS-DPCCH configuration when the remaing active serving HS-DSCH cells (1 or 2) are configured with MIMO.
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Figure 4: When (F1) is the only active HS-DSCH serving cells (MIMO configured), repeat A/N information in the second half time slot
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Figure 5: When (F1, F2) are the only active HS-DSCH serving cells (MIMO configured), repeat A/N information in the second half time slot
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Figure 6: When (F1, F3) or (F1, F4) are the only active HS-DSCH serving cells (MIMO configured), use the HS-DPCCH format as if 4 carriers were active

5
Summary of HS-DPCCH proposal: Alternatives 2/3 
Figures 7 and 8 show the HS-DPCCH configuration when the remaing active serving HS-DSCH cells (1 or 2) are not configured with MIMO.
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Figure 7: When only 1 active HS-DSCH serving cells (MIMO not configured) remains, use the HS-DPCCH Rel-9 format 
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Figure 8: When two active HS-DSCH serving cells (MIMO not configured) remain, use the HS-DPCCH Rel-9 Rel-9 format

Figures 9 and 10 show the HS-DPCCH configuration when 1 or when the remaing active serving HS-DSCH cells (1 or 2) are not configured with MIMO.
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Figure 9: When only 1 active HS-DSCH serving cells (MIMO configured) remains, use the HS-DPCCH Rel-9 format 
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Figure 10: When two active HS-DSCH serving cells (MIMO configured) remain, use the HS-DPCCH Rel-9 format

6
Summary of HS-DPCCH proposal: Alternative 4 

Although Alternative 4 was briefly discussed (verbally) towards the end of the 4C-HSDPA discussion in RAN1#60-bis, not much detail was provided on this proposed alternative. In this section we describe our proposal for Alternative 4. 
Figure 11 shows the transmit process of symbol interleaving and spreading by Cch,128,16 for the case when 3 or 4 carriers are activated with MIMO configured on 1 or more activated carriers. The need for the introduction of the symbol interleaver will become more obvious in Section 8.3 when we address the robustness aspects of this alternative.
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Figure 11: Symbol Interleaving followed by spreading by C ch,128,16 when 3 or 4 carriers are activated with MIMO configured on 1 or more activated carriers
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Figure 12: Spreading by C ch,256,33 when less than 3 carriers are activated

For the HS-DPCCH A/N symbols, the interleaving operation is performed once every half time slot. 

The HS-DPCCH A/N symbols input to the interleaver are denoted as

x1, x2, …, x10, y1, y2, …, y10
The output symbols of the A/N interleaver are denoted as 
x1, y1, x2, y2…, x10,,y10
For the HS-DPCCH CQI symbols, the interleaving operation is performed once every time slot. 

The HS-DPCCH CQI symbols input to the interleaver are denoted as

x1, x2, …, x20, y1, y2, …, y20
The output symbols of the CQI interleaver are denoted as 

x1, y1, x2, y2…, x20,,y20
7
NodeB Implementation Considerations
The key aspect of the Alternative 1 proposal has been to avoid changing the spreading factor (1xSF128) whenever a (de) activation happens. This requirement seems to stem from both NodeB implementation and robustness considerations. By robustness, we mean the ability to recover from error events when the NodeB misses an acknowledgement from the UE in response to a (de) activation order. In this section, we address how a NodeB can still choose to continue de-spreading the received signal assuming 1xSF128 while the UE transmits on 1xSF256 (Alternatives 2, 3, 4).
7.1
Relationship between OVSF codes

The candidate channelization code being considered for the 1x128 design is C ch,128,16 when N_max_dpdch = 0 and C ch,128,32 when N_max_dpdch = 1. These codes have demonstrated a significant cubic metric advantage over the 2x256 channelization code case. It turns out that these codes also have a special relationship with C ch,256,33 and C ch,256,64  which are the channelization codes used in Rel-5 through Rel-9 when Nmax-dpdch = 0 and Nmax-dpdch = 1 respectively. 
In particular, the first half of the C ch,256,33  sequence is the same as C ch,128,16 and the second half of the C ch,256,33  sequence equals the negative of the C ch,128,16 sequence. Mathematically this can be expressed as:
C ch,256,33 = [C ch,128,16

-C ch,128,16]






















(1)
Similarly, for Nmax-dpdch = 1,

C ch,256,64 = [C ch,128,32

C ch,128,32]






















(2)

In the rest of the section, we provide an analysis using Nmax-dpdch = 0 as an example. A similar analysis can be applied to the case when Nmax-dpdch = 1, leading to the same conclusions.

7.2
NodeB Processing for Alternative 1

We consider the scenario as depicted in Figure 2, where upon de-activation of the secondary carriers, when 2 active carriers (F1, F2) remain, UE transmits on C ch,128,16 with the symbols repeated in the next half time slot.
In this case, we assume that the NodeB de-spreads the received signal using C ch,128,16 as shown in Figure 13. Note that there are 20 symbols {Zk; k = 1(20} at the output of the de-spreader.
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Figure 13: De-spreading using C ch,128,16
Due to the fact that the symbols are repeated across time slots, then as shown in Figure 14, we obtain the 10 symbols {Yk; k = 1(10} via de-repetition which involves adding C ch,128,16 de-spread symbols that are 10 symbols apart.
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Figure 14: Post processing C ch,128,16 de-spread symbols via de-repetition 
We refer to the simple process of symbol de-repetition as post-accumulation as shown below in Figure 14a.
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Figure 14a: De-spreading using C ch,128,16 followed by Post Accumulation
7.2
NodeB Processing for Alternatives 2, 3
We consider the scenario as depicted in Figure 8 where upon de-activation of the secondary carriers, when 2 active carriers (F1, F2) remain, UE transmits on C ch,256,33 as in Alt 2 or Alt 3. 
Now, the most direct implementation at the NodeB receiver is to de-spread the received signal using C ch,256,33. In this case, as shown in Figure 15,  there are 10 symbols {Yk; k = 1(10} at the output of the de-spreader in one time slot.
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Figure 15: De-spreading using C ch,256,33
Alternately, the NodeB could still continue to de-spread the received signal using C ch,128,16, as shown in Figure 16.  
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Figure 16: De-spreading using C ch,128,16 followed by Post Accumulation
Based on the mathematical relation in Eq. (1), when UE transmits on C ch,256,33, the signal component of the de-spread symbols {Zk; k = 1(20} are related as follows:

Z2k = -Z2k-1 (k = 1(10) i.e. Z2 = -Z1, Z4 = -Z3 and so on.
Hence Zk can be further post processed by a simple subtract operation on each pair of consecutive symbols to recover the symbols {Yk; k = 1(10} that correspond to de-spreading the received signal with C ch,256,33. This is show in Figure 17.
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Figure 17: Post processing C ch,128,16 de-spread symbols to obtain C ch,256,33 de-spread symbols

When we compare the process of de-repetition in the case of Alt 1 and the process of recovering 1x256 de-spread symbols from 1x128 de-spread symbols in Alt2/3, we note the following:
· The received waveforms corresponding to all 3 alternatives can be de-spread at the NodeB receiver using            C ch,128,16 in the front end of the NodeB receiver. 
· In other words, the NodeB receiver need not change the spreading factor or the channelization code index of the de-spreader, even if the UE changes it’s spreading factor from 1xSF128 to 1x256 as is the case in Alt 2/3.
· As a means of further post processing of the de-spread symbols:
· Alt2 or Alt 3 require the NodeB to perform 10 subtract operations per time slot where the subtract operation is performed on consecutive de-spread symbols.
· Alt1 require the NodeB to perform 10 add operations per time slot where the add operation is performed on de-spread symbols that are 10 symbols are apart.
· this implies the need for a buffer of de-spread symbols corresponding to ½ time slot.
From the above we conclude that Alt 2/3 (1xSF256) does not cause any implementation impact to NodeB receivers that choose to despread  C ch,128,16 even when 1or 2 active carriers remain (Figure 14a v/s Figure 16).
7.3
NodeB Processing for Alternative 4

Figure 18 shows the required processing at the NodeB to obtain 1xSF128 symbols when 3 or 4 carriers are activated with MIMO configured on 1 or more activated carriers.
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Figure 18: De-spreading by C ch,128,16 followed by symbol de-interleaving when 3 or 4 carriers are activated with MIMO configured on 1 or more activated carriers
Figure 19 shows the required processing at the NodeB to obtain 1xSF128 symbols when less than 3 carriers are activated. 
Based on the mathematical relation in Eq. (1), when UE transmits on C ch,256,33, the signal component of the de-spread symbols {Zk; k = 1(20} are related as follows:

Z2k = -Z2k-1 (k = 1(10) i.e. Z2 = -Z1, Z4 = -Z3 and so on.
The de-interleaved symbols {Xk; k = 1(20} are then related as follows
Xk+10 = -Xk (k = 1(10) i.e. X11 = -X1, X12 = -X2 and so on.
An additional stage of post accumulation is needed at the output of the symbol de-interleaver to allow for recovery of the 1x256 symbols. The post accumulation is identical to the one used for Alternatives 2 and 3 and is shown in Figure 20.
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Figure 19: De-spreading by C ch,128,16 followed by symbol de-Interleaving and post Accumulation when less than 3  carriers are activated
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Figure 20: Post accumulation of C ch,128,16 de-spread and de-interleaved symbols to obtain obtain C ch,256,33 de-spread symbols

7.4
Summary of NodeB Processing
Table 1 summarizes the required NodeB processing to recover HS-DPCCH symbols for the case when 3 or 4 carriers are activated with MIMO configured on 1 or more activated carriers while Table 2 summarizes the required NodeB processing to recover HS-DPCCH symbols for the case when 2 carriers are required. As seen in both these tables, the required processing for Alternatives 1, 2 and 3 is identical for each of the 2 cases, while an additional yet trivial symbol de-interleaving operation is needed for Alternative 4.
Table 1: Summary of NodeB processing to recover HS-DPCCH symbols when 3 or 4 carriers are activated with MIMO configured on 1 or more activated carriers
	Alternatives
	De-spreading by Cch,128,16
	Symbol              De-Interleaver
	Post Accumulator

	Alternative 1
	YES
	NO
	NO

	Alternative 2/3
	YES
	NO
	NO

	Alternative 4
	YES
	YES
	NO


Table 2: Summary of NodeB processing to recover HS-DPCCH symbols when less than 3 carriers are activated
	Alternatives
	De-spreading by Cch,128,16
	Symbol              De-Interleaver
	Post Accumulator

	Alternative 1
	YES
	NO
	YES

	Alternative 2/3
	YES
	NO
	YES

	Alternative 4
	YES
	YES
	YES


8
Robustness considerations
In this section we consider the robustness aspect of the different HS-DPCCH alternatives. By robustness, we refer to the ability to recover from error events when the NodeB misses an acknowledgement from the UE in response to a (de) activation order.
In general, we think that for any alternative, consideration should be made to boost the ΔACK power offset whenever an acknowledgement is sent by the UE in response to an HS-SCCH (de)activation order. The power boost would reduce the probability of missing an acknowledgement from the UE to the NodeB, in response to an HS-SCCH (de)activation order.
8.1
Error Event Analysis for Alternative 1

Figure 21 shows an error scenario for Alternative 1. In this case, the UE does not change the spreading factor of HS-DPCCH upon receiving an order to de-activate carriers F3 and F4. Instead, it repeats the jointly encoded feedback information for carriers {F1,F2} in the second half time slot. However the NodeB misses the acknowledgment to the order and continues to assume the HS-DPCCH format corresponding to 4 active carriers and attempts to decode{F1,F2} in first half time slot and  attempts to decode{F3,F4} in the second half time slot. As seen in Figure 21, the signal component of the symbols at the de-spreader output  in the first half time-slot are identical to the symbols transmitted in the first half time slot by the UE. Note since the SNR of these symbols are reduced by a factor of 2 due to repetition, it is worthwhile to consider boosting the HS-DPCCH by 3dB for a brief amount of time from the time of activation and de-activation.
 A similar observation applies to the case when {F2,F3,F4} are de-activated.
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Figure 21: Alt 1 (1x128): {F3,F4} are de-activated, NodeB misses ACK, UE repeats A/N information for {F1,F2}
Figure 22 shows another error scenario for Alternative 1. In this case, the UE does not change the spreading factor of HS-DPCCH upon receiving an order to de-activate carriers F2 and F4. Instead, it transmits feedback information for F1 in the first half time slot and feedback information for F3 in the second half time slot. However the NodeB misses the acknowledgment to the order and continues to assume the HS-DPCCH format corresponding to 4 active carriers and attempts to decode {F1,F2} in first half time slot and {F3,F4} in the second half time slot. As seen in Figure 22, the signal component of the symbols at the de-spreader output  in the first half time-slot are identical to the symbols transmitted in the first half time slot by the UE. Furthermore, this is also observed in the second half time slot and hence both F1 and F3 are self de-codable. Note in passing that since there is no repetition of information, this scheme suffers from an increased HS-DPCCH power offset compared to the case when {F3,F4} are de-activated.
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Figure 22: Alt 1 (1x128): {F2,F4} are de-activated, NodeB misses ACK, UE transmits A/N information for {F1} and {F3} in separate half-time slots

As seen in Figure 23, a similar analysis also applies to the case when either {F2,F4} or {F2,F3} are de-activated.
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Figure 23: Alt 1 (1x128): {F2, F3} are de-activated, NodeB misses ACK, UE transmits A/N information for {F1} and {F4} in separate half-time slots
8.2
Error Event Analysis for Alternative 2/3

Figure 24 shows an error scenario for Alternative 2/3. In this case, the UE changes the spreading factor of HS-DPCCH from 1x128 to 1xSF256 upon receiving an order to de-activate carriers F3 and F4. However NodeB misses the acknowledgment to the order and continues to assume the HS-DPCCH format corresponding to 4 active carriers and decodes {F1,F2} in first half time slot and {F3,F4} in the second half time slot. 
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Figure 24: Alt 2/3 (1x256): {F3, F4} are de-activated, NodeB misses ACK, UE transmits A/N information for {F1,F2}

We identify below a few mechanisms to recover from this out of sync situation (HS-DPCCH format used by NodeB and UE are different).

1. NodeB switches to 1xSF256 format after failing to receive ACK to HS-SCCH order for N attempts
Since the ACK was missed, the NodeB can continue  re-transmitting the HS-SCCH order multiple times. However, since the UE has already switched to the 1x256 format, and reconfigured to the activated carriers, it will send the ACK using 1x256 format. If NodeB fails to detect an ACK after N attempts, where N is a configurable parameter, the NodeB recognizes an out of sync event and automatically switches to 1xSF256 format.
2. NodeB checks for DTX code word in second half time slot.

Since the ACK was missed, the NodeB would attempt to re-transmit the HS-SCCH order in either carrier F1 or F2. In this case, there are three hypotheses:

H0: UE failed to detect the HS-SCCH order and does not send any response back to the NodeB.

H1:  UE is still using 1x128 (i.e. it failed to detect the HS-SCCH order the first time it was sent) and now detects the re-transmitted order, and transmits 
· In the first half time slot ACK/DTX (if order was sent on F1) or DTX/ACK(if order was sent on F2) 
· In the second half time slot: DTX code word is sent
H2: UE is already using 1x256 (i.e. it detected the HS-SCCH order the first time it was sent, but NodeB failed to detect the ACK) and now responds with a response to the order using 1x256 format.

NodeB should be able to detect H0 by performing an energy comparison of the Cch,128,16 de-spreader output against a threshold. If the energy passes a threshold, the NodeB can then check if the decoded code word in the second half time slot is a DTX code word. If it does, the NodeB declares H1 and continues to use 1x128 or else it declares H2 and switches to 1x256 format.

3. NodeB schedules only on carrier F1.

From Figure 24, we observe the following at the output of the Cch,128,16 de-spreader output.:

· In the first half time slot, 

· the signal component of the odd symbols {Z1, Z2, Z3, Z4, Z5}, corresponds to the desired symbols {Y1, Y2, Y3, Y4, Y5} scaled down by a factor of 2.

· the signal component of the even symbols { -Z1, -Z2, -Z3, -Z4, -Z5 } correspond to the negative of the desired symbols {Y1, Y2, Y3, Y4, Y5} scaled down by a factor of 2.

· In the second half time slot

· the signal component of the odd symbols {Z6, Z7, Z8, Z9, Z10}, corresponds to the desired symbols {Y6, Y7, Y8, Y9, Y10} scaled down by a factor of 2.

· the signal component of the even symbols { -Z1, -Z2, -Z3, -Z4, -Z5 } correspond to the negative of the desired symbols {Y6, Y7, Y8, Y9, Y10} scaled down by a factor of 2.

Since the ACK was missed, the NodeB will attempt to re-transmit the HS-SCCH order. Given the above observation, the NodeB’s best chance of receiving an acknowledgement is to schedule the HS-SCCH order on carrier F1, and then attempt to decode the symbols in the first half-time slot only. Note that 5 of these symbols are aligned with transmitted symbols scaled down by a factor of 2 and the other 5 symbols are corrupted.  The probability of successful decoding may still be low due to such a high puncturing rate.
The above error analysis applies also to the case when an order is received to de-activate {F2, F4} or {F2,F3} and  {F2, F3, F4}.
8.3
Error Event Analysis Alternative 4

As seen in Section 8.2, as compared to Alternative 1, Alternative 2/3 suffers from error events related to NodeB missing an acknowledgement to HS-SCCH orders due to the fact that the symbols at the output of the de-spreader are not self-decodable.In order to arrive at a set of self decodable symbols, Alternative 4 introduces a symbol interleaver prior to spreading by Cch,128,16  when 3 or 4 carriers are activated with MIMO configured on 1 or more activated carriers. As we will show below, this alternative delivers the same degree of robustness offered by Alternative 1, while still allowing the UE to switch to 1x256 format when 1 or 2 carriers are active.
Figure 25 shows an error scenario for Alternative 4. In this case, the UE changes the spreading factor of HS-DPCCH from 1x128 to 1xSF256 upon receiving an order to de-activate carriers F3 and F4. However NodeB misses the acknowledgment to the order and continues to assume the HS-DPCCH format corresponding to 4 active carriers and decodes {F1,F2} in first half time slot and {F3,F4} in the second half time slot. Due to the symbol de-interleaver operation at the receiver, the symbols at the output of the symbol de-interleaver in the first half time-slot are self-decodable. Note that since the SNR of these symbols are reduced by a factor of 2 compared to the case if the symbols were de-spread using Cch,256,33 it is worthwhile to consider boosting the HS-DPCCH by 3dB for a brief amount of time from the time of activation and de-activation.
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Figure 25: Alt 4 (1x256): {F3, F4} are de-activated, NodeB misses ACK, UE transmits A/N information for {F1,F2}
As seen in Figure 26, a similar analysis also applies to the case when either {F2,F4} or {F2,F3} or {F2,F3,F4) are de-activated. In each of these cases, the symbols decoded in the first half time slot are self-decodable. Hence the performance of Alternative 4 is identical to Alternative 1. 
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Figure 26: Alt 4 (1x256): {F2, F4} or {F3,F4} are de-activated, NodeB misses ACK, UE transmits A/N information for {F1,F3}  or {F1,F4} in one time slot

9
Comparison of the HS-DPCCH Alternatives

In this section, we summarize how the 4 different alternatives compare against the design objectives listed at the beginning of this section.

Table 3: Comparison of HS-DPCCH Alternatives

	Alternatives
	Reuse Rel-9 HS-DPCCH format when 1 or 2 carriers are active
	Minimized HS-DPCCH Power Offset
	Impact to NodeB Complexity due to (de) activation
	Degree of Robustness

	Alternative 1
	NO
	NO                          (see Note 1)
	LOW
	HIGH          (see Note 4)

	Alternative 2/3
	YES
	YES
	LOW
	MEDIUM   (see Note 3)

	Alternative 4
	YES
	YES
	MEDIUM                          (see Note 2) 
	HIGH          (see Note 4)           


Note 1: When Carriers {F2, F4} or {F2,F3} are deactivated, an additional 3dB power is incurred.

Note 2: A symbol de-interleaver is needed at NodeB receiver.

Note 3: Additional complexity needed at NodeB receiver to help with sync recovery.

Note 4: Additional power boost needed on HS-DPCCH for a brief amount of time after (de)activation
10
Conclusions

Based on the analysis and discussion in this document, we have the following proposals:
Proposal 1: A Rel-10 3C/4C-HSDPA UE, when configured with single or dual cells with or without MIMO should use the legacy HS-DPCCH physical layer design (channel coding, spreading factor, modulation, CQI reporting) as specified in previous releases (Rel-5 through Rel-9).

Proposal 2: If upon receiving an HS-SCCH order from a NodeB corresponding to activation/de-activation of secondary HS-DSCH serving cells and secondary uplink frequency, if there are one or two active HS-DSCH serving cells remaining, a a Rel-10 3C/4C-HSDPA UE, should use the legacy HS-DPCCH physical layer design (channel coding, spreading factor, modulation, CQI reporting) as specified in previous releases (Rel-5 through Rel-9).

Proposal 3: A Rel-10 3C/4C-HSDPA UE, uses a symbol interleaver for HS-DPCCH ACK/NACK and a separate symbol interleaver for CQI as described in Section 6 prior to spreading by Cch128,16 (Nmax_dpdch = 0) or by Cch128,32 (Nmax_dpdch = 1) , when 3 or 4 carriers are activated with MIMO configured on 1 or more activated carriers.
Proposal 4: The HS-DPCCH power offset (ΔACK) is boosted by an additional amount (FFS) when an acknowledgement is sent in response to a carrier (de)activation HS-SCCH order.

Proposal 5: Upon (de)activation of carriers, the UE applies a boost to the HS-DPCCH power offsets (ΔACK, ΔNACK, ΔCQI) for a small period of time (FFS).

Proposal 6: Upon de(activation) of carriers to 1 or 2 active carriers, the HS-DPCCH power offsets (ΔACK, ΔNACK, ΔCQI) are are set to different power settings relative to before the HS-SCCH order.
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