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1
Introduction
In RAN1#57-bis, a baseline ACK/NACK code book was selected as a candidate [1] for HS-DPCCH corresponding to a DC-HSDPA and MIMO. The selected code book corresponds to Scheme 2 as proposed in [2]. In this contribution, we perform an error event analysis of this chosen code book. In particular, we raise a concern about the robustness of this code book due to the fact that the minimum distance between some code words and PRE or POST equals zero. Based on this concern, we request RANWG1 to re-consider the choice of this code book. Furthermore, we perform a link analysis of Scheme 2 (QC2) as proposed in [3] and referred to as Scheme 5 in [2] in different propagation conditions to evaluate the required HS-DPCCH power offset (ΔACK or ΔNACK) relative to single carrier and Rel-8 DC-HSDPA operation.
2
Error Event Analysis of Baseline ACK/NACK code for DC-HSDPA+MIMO

In the following, M/S and M/M refer to MIMO/SIMO and MIMO/MIMO respectively.

In Scheme 2 as proposed in [2], there are unavoidable error events due to the fact that some code words have a zero distance between each other:

·  The codewords NN/A and NN/AN have zero distance to codeword PRE, and 

·  The codewords AA/A and NN/NA have zero distance to codeword POST. 
This can cause confusion at Node B side in certain scenarios: 
1. Node B could not distinguish between PRE and NN/A in subframe N:
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Figure 1: Ambiguity between PRE and NN/A in subframe N
Table 1: Ambiguity in detecting PRE and NN/A

	
	Case 1
	Case 2

	
	Subframe N
	Subframe N+1
	Subframe N

	Node B scheduling
	M/S
	M/S
	M/S

	UE HS-SCCH detection
	DTX
	Non-DTX
	Non-DTX

	UE transmit on HS-DPCCH
	PRE
	Non-DTX codeword
	NN/A

	Node B ambiguity
	PRE or NN/A ?
	
	PRE or NN/A?


2. Node B could not distinguish between PRE and NN/AN in subframe N:
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Figure 2: Ambiguity between PRE and NN/AN in subframe N

Table 2: Ambiguity in detecting PRE and NN/AN

	
	Case 1
	Case 2

	
	Subframe N
	Subframe N+1
	Subframe N

	Node B scheduling
	M/M
	M/M
	M/M

	UE HS-SCCH detection
	DTX
	Non-DTX
	Non-DTX

	UE transmit on HS-DPCCH
	PRE
	Non-DTX codeword
	NN/AN

	Node B ambiguity
	PRE or NN/AN?
	
	PRE or NN/AN?


3. Node B could not distinguish between POST and AA/A in subframe N:
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Figure 3: Ambiguity between POST and AA/A in subframe N
Table 3: Ambiguity in detecting POST and AA/A

	
	Case 1
	Case 2

	
	Subframe N-1
	Subframe N
	Subframe N+1
	Subframe N

	Node B scheduling
	M/S
	M/S
	M/S or DTX
	M/S

	UE HS-SCCH detection
	Non-DTX
	DTX
	DTX
	Non-DTX

	UE transmit on HS-DPCCH
	Non-DTX codeword
	POST
	DTX
	AA/A

	Node B ambiguity
	
	POST or AA/A?
	
	POST or AA/A


4. Node B could not distinguish between POST and NN/NA
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Figure 4: Ambiguity between POST and NN/NA in subframe N
Table 4: Ambiguity in detecting POST and NN/NA

	
	Case 1
	Case 2

	
	Subframe N-1
	Subframe N
	Subframe N+1
	Subframe N

	Node B scheduling
	M/M
	M/M
	M/M or DTX
	M/M

	UE HS-SCCH detection
	Not miss
	Miss
	Miss or DTX
	Not miss

	UE transmit on HS-DPCCH
	Non-DTX codeword
	POST
	DTX
	NN/NA

	Node B ambiguity
	
	POST or NN/NA
	
	POST or NN/NA


Assume that the UE can fail to detect each HS-SCCH with probability P. Then the probability of failing to detect both the HS-SCCH’s is P2 assuming the downlink carriers have independent fading. However, when the downlink carriers have correlated fading, the probability of the UE miss detecting HS-SCCH can be much higher. For example, in the case where the downlink carriers are fully correlated, the probability of miss detecting both HS-SCCH’s increased to P. 
In order to demonstrate the correlation between the 2 adjacent 5 MHz carriers, we evaluated the energy at the output of the two Square Root Raised Cosine (SRRC) filters corresponding to each of the adjacent DL carriers in a DC-HSDPA receiver in response to a 10 MHz extended PA3 channel (Table 5). 

Table 5: Extended PA3 channel

	Excess tap delay [ns]
	Relative power
[dB]

	0
	0.0

	30
	-1.0

	70
	-2.0

	90
	-3.0

	110
	-8.0

	190
	-17.2

	410
	-20.8


In the following equation, [image: image1.emf]M/S M/S
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Y1 and Y2 are the energies per symbol of the Tc/2 impulse response observed at the output of the receive SRRC filters every 256 chips.
Figure 5 illustrates the variation in Y1 and Y2 as a function of time. As can be seen in the Figure, there are multiple instances when the two energy profiles align with each other.  Based on this observation, it is incorrect to assume that the adjacent 5 MHz DL carriers are uncorrelated all the time.
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Figure 5: Correlation between adjacent 5 MHz carriers
Based on the discussion above, we conclude that the chosen codebook in [1] based on Scheme 2 in [2] is not a robust choice. As a result we request RANWG#1 to reconsider this decision.
Proposal 1: Reconsider HS-DPCCH ACK/NACK code book decision for DC-HSDPA+MIMO

3
Suitable choice of ACK/NACK code book

As an alternate to Scheme 2, quite a few alternate schemes that have very similar performance have been discussed in [2]-[6]. 

In general, three different metrics were considered in selecting the code book:
· Throughput Impact from Extra PHY retransmission

· Miss Detection performance

· Error events due to non-DTX code words being detected as DTX
· Decoding Error

· Error events due to ACK being detected as NACK or DTX at least in one downlink carrier
· Probability of RLC retransmissions
· Error events due to DTX or NACK being detected as ACK at least in one downlink carrier
The above metrics were evaluated in a comprehensive analysis in [2] for the case when PRE/POST is not used as well as for the case when PRE/POST is used. The analysis in [2] suggests that there is virtually no difference in performance between the 5 schemes evaluated in terms of the above metrics. Based on the discussion in the previous section, we have already highlighted issues with Scheme 2 as proposed in [2]. Further Scheme 3 has a similar issue with regard to ambiguity of decoding some code words (zero distance between code words) as described in [2]. Even though the ambiguity caused by Scheme 3 does not cause either an RLC retransmission nor an extra PHY retransmission, there is some potential impact on the Redundancy Version of HS-PDSCH, which is yet to be evaluated.
Hence suitable alternatives seem to be Scheme 1, 4 and 5 as defined in [2]. Note that Scheme 5 is the same code book as Scheme 2 as proposed in [3]. It was shown in [2] that Scheme 1 may have a slight advantage over Schemes 4 and 5 since the number of code words with pair wise distance of 4 equals 2 for Scheme 1 compared to 4 code word pairs for Schemes 2 and 4. However, this property by itself did not result in any significant loss in performance for either Scheme 4 or 5. In fact, albeit by a small amount, the probability of RLC retransmission improved for Schemes 4 and 5 compared to Scheme 1. Hence, based on these observations, we can narrow down the choice to Schemes 4 and 5.
Proposal 2: We request RANWG1 to select either of Scheme 4 (as defined in [2]) or Scheme 5 (as defined in [2]) as an ACK/NACK code book for DC-HSDPA+MIMO.
4
Impact of RLC Retransmissions on TCP

To analyze the effect of residual BLER on TCP, we use the equation below [7]:
TCP Throughput = (1/RTT) * sqrt (3/2bp)
where “RTT” is the round-trip time from server to client, “b” is the TCP Delayed ACK factor (equal to 2), and “p” is the residual TCP error probability.
Figure 6 shows the analytically derived TCP Throughput versus the “Required Packet Error Rate per RLC Transmission”, for different number of RLC transmissions. We are plotting up to 3 RLC transmissions, since greater than 3 RLC transmissions may potentially lead to some impact to TCP timeouts. The RTT is assumed to be 200 msec, which is a slightly conservative assumption.
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Figure 6: TCP Throughput v/s required packet error rate

As seen in Figure 6, to sustain a TCP throughput of 80 Mbps, the required residual packet error rate at the RLC layer is ~7e-4 for 2 RLC transmissions and ~8e-3 for 3 RLC transmissions, which serves as an upper bound for the probability of RLC re-transmissions due to a false acknowledgement (DTX(ACK or NACK(ACK). In general the residual PER at the RLC layer is caused due to residual BLER at the physical layer after a maximum number of H-ARQ transmissions as well as false acknowledgements.
5
Link Level Analysis

5.1
Simulation Assumptions
Table 6 and Table 7 list the Simulation assumptions and Source model used for the purpose of the link analysis of HS-DPCCH for DC-HSDPA+MIMO. 

For simplicity, we assume that the decoding error of each stream is independent of each other. Note that in the case of SIMO/SIMO, there are two streams while in the case of MIMO/MIMO there are 4 streams.
Table 6: Simulation Assumptions for Link Analysis of HS-DPCCH for DC-HSDPA+MIMO

	Parameters
	Settings

	Propagation Condition
	PA3, PB3, VA30, VA120

	Number of NodeB Receive Antennas
	2

	Receiver Type
	Rake

	E-DCH parameters

	TBS [bits]
	307

	E-DPDCH/DPCCH power ratio [dB]
	6.02

	Maximum Number of H-ARQ Transmissions
	4

	Target Number of H-ARQ Transmissions
	4

	Residual BLER [%]
	1

	Modulation and Spreading Factor
	1xSF4, BPSK

	E-DPCCH/DPCCH power ratio [dB]
	2

	HS-DPCCH ACK/NACK parameters

	HS-DPCCH/DPCCH power ratio [dB]
	Varied

	Target False Alarm Rate 

[DTX(ACK or DTX(NACK]
	10%, 30%

	PRE/POST used
	NO

	ACK/NACK Decoder
	Maximum Likelihood


Table 7: Source Model for Link Analysis of HS-DPCCH for DC-HSDPA+MIMO

	Event at UE
	Probability

	Miss HS-SCCH per carrier
	1%

	HS-PDSCH BLER per stream
	10%

	HS-PDSCH success per stream
	89%


5.2
RLC Retransmission Analysis
An important metric used to compare the different codebooks is the probability of RLC layer retransmission, which is caused by the error event that NACK decoded as ACK, or DTX decoded as ACK by Node B. For example: “NA/AA” decoded as “AN/AA”. 
In sections 5.2.1 and 5.2.2, we plot the probability of RLC re-transmissions due to false acknowledgements (DTX( ACK or NACK ( ACK) as a function of HS-DPCCH/DPCCH power ratio for target false alarm rates of 10% and 30% respectively. In the case of DC-HSDPA, if the carriers are independent, then it is reasonable to allow such a high target false alarm rate, since the false alarm rate is further weighted by the probability that DTX happens at the UE. The target probability of RLC re-transmissions due to false acknowledgements, in turn depends on the required residual PER at the RLC layer as discussed in Section 4. In the analysis considered here, we assume that half of the residual PER is caused due to false acknowledgements and half of the residual PER is caused due to residual BLER at the physical layer.

In each of the figures in sections 5.2.1 and 5.2.2, we observe an error floor which in turn is mainly due to the fixed false alarm rate. For example if Pr[DTX at UE] = 1% and Pr[False Alarm] = 10%, then Pr[RLC retransmission due to false ack] > (1e-2)*(10e-2)/2 = 5e-4.

5.2.1
Target False Alarm Rate = 10%
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               Figure 7: Pr [RLC ReTx], PA3
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                Figure 8: Pr [RLC ReTx], PB3
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          Figure 9: Pr [RLC ReTx], VA30
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             Figure 10: Pr [RLC ReTx], VA120

5.2.2
Target False Alarm Rate = 30%
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               Figure 11: Pr [RLC ReTx], PA3
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               Figure 12: Pr [RLC ReTx], PB3
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          Figure 13: Pr [RLC ReTx], VA30
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             Figure 14: Pr [RLC ReTx], VA120

5.3
Miss Detection or Decoding Error Rate

In the figures in Sections 5.3.1 and 5.3.2, we plot the probability of a missed detection or ACK(DTX error as a function of HS-DPCCH/DPCCH power ratio for target FAR = 10% and 30% respectively. This probability translates directly to the amount of loss in throughput. A typical operating point is 1% to 2% on the y-axis.
5.3.1
Target False Alarm Rate = 10%
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      Figure 15: Pr [Miss Detection or Decoding Error],PA3
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      Figure 16: Pr [Miss Detection or Decoding Error],PB3
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     Figure 17: Pr [Miss Detection or Decoding Error],VA30
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    Figure 18: Pr [Miss Detection or Decoding Error],VA120

5.3.2
Target False Alarm Rate = 30%
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      Figure 19: Pr [Miss Detection or Decoding Error],PA3
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      Figure 20: Pr [Miss Detection or Decoding Error],PB3

[image: image21.emf]-10 -8 -6 -4 -2 0 2 4 6 8

10

-4

10

-3

10

-2

10

-1

10

0

Total allowed HS-DPCCH / DPCCH [dB]

Pr(Error or Mis-Det)

Pr(Mis-Det or Dec-Err | Non-DTX)

 

 

S/S

S/M

M/S

M/M

Legacy


     Figure 21: Pr [Miss Detection or Decoding Error],VA30
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    Figure 22: Pr [Miss Detection or Decoding Error],VA120

5.4
Required HS-DPCCH Power Offset

Based on the link analysis in Section 5.2 and 5.3, we summarize below the required HS-DPCCH power offset with respect to DPCCH power.

In Table 9, a summary of HS-DPCCH power offset to DPCCH to achieve a target RLC BLER as a function of target throughput (20 Mbps, 40 Mbps, 80 Mbps) and RLC re-transmissions (1, 2) is provided for a target false alarm rate of 10%.
In Table 10, a summary of HS-DPCCH power offset to DPCCH to achieve a target RLC BLER as a function of target throughput (20 Mbps, 40 Mbps, 80 Mbps) and RLC re-transmissions (1, 2) is provided for a target false alarm rate of 30%.

For each of Tables 9 and 10, we summarize the performance for 3 different operating points corresponding to the probability of DTX happening at the UE:

· 1e-4 corresponds to the case when the adjacent 5 MHz DL channels are independent and

· 1e-2 corresponds to the case when the adjacent 5 MHz DL channels are fully correlated

· 1e-3 corresponds to a point in between. 
The RLC error rates are assumed to be equally distributed between error events that cause RLC retransmissions due to false acknowledgements (DTX or NACK( ACK) and error events that are caused due to packets failing to decode after a maximum number of transmissions. 
Note that in these tables, if an N/A appears, this means that the target RLC layer BLER is not achievable even if we were to increase the HS-DPCCH power offset. This is due to the fact that we observe an error floor caused by a fixed false alarm rate. For example if Pr[DTX at UE] = 1% and Pr[False Alarm] = 10%, then Pr[RLC retransmission] > (1e-2)*(10e-2)/2 = 5e-4. Furthermore, if the target RLC layer BLER = 3e-4, then increasing HS-DPCCH power offset does not help achieve this target.
In Table 11, a summary of HS-DPCCH power offset to achieve a target Pr[Miss Detection or Decoding Error] as a function of target throughput (20 Mbps, 40 Mbps, 80 Mbps) is provided for a target false alarm rate of 10%.

Table 9: βhs/βc power ratio requirement to achieve Target RLC BLER, Target False Alarm Rate = 10%

	
	Target thrpt [Mbps]
	2 RLC transmissions
	3 RLC transmissions

	
	
	RLC Layer BLER
	C2P [dB]
	RLC Layer BLER
	C2P [dB]

	
	
	
	PA3
	PB3
	VA30
	VA120
	
	PA3
	PB3
	VA30
	VA120

	Legacy SC  SIMO
	20
	3e-3
	-9
	-9
	-9
	-9
	2e-2
	-9
	-9
	-9
	-9

	SIMO/SIMO
	40
	1e-3
	1e-2

	
	Pr[DTX at UE]
	1e-4
	-2
	-2
	-2
	0
	1e-4
	-9
	-9
	-9
	-9

	
	
	1e-3
	0
	0
	0
	0
	1e-3
	-9
	-9
	-9
	-9

	
	
	1e-2
	N/A
	N/A
	N/A
	N/A
	1e-2
	-9
	-9
	-9
	-9

	MIMO/MIMO
	80
	7e-4
	8e-3

	
	Pr[DTX at UE]
	1e-4
	2
	2
	2
	4
	1e-4
	-2
	-2
	-2
	-2

	
	
	1e-3
	2
	2
	4
	4
	1e-3
	-2
	-2
	-2
	-2

	
	
	1e-2
	N/A
	N/A
	N/A
	N/A
	1e-2
	0
	0
	0
	0


Table 10: βhs/βc power ratio requirement to achieve Target RLC BLER, Target False Alarm Rate = 30%

	
	Target thrpt [Mbps]
	2 RLC transmissions
	3 RLC transmissions

	
	
	RLC Layer BLER
	C2P [dB]
	RLC Layer BLER
	C2P [dB]

	
	
	
	PA3
	PB3
	VA30
	VA120
	
	PA3
	PB3
	VA30
	VA120

	Legacy SC  SIMO
	20
	3e-3
	-6
	-6
	-6
	-6
	2e-2
	-9
	-9
	-9
	-9

	SIMO/SIMO
	40
	1e-3
	1e-2

	
	Pr[DTX at UE]
	1e-4
	0
	0
	0
	2
	1e-4
	-5.5
	-5.5
	-5.5
	-5.5

	
	
	1e-3
	2
	2
	2
	4
	1e-3
	-4.4
	-4.4
	-5.5
	-5.5

	
	
	1e-2
	N/A
	N/A
	N/A
	N/A
	1e-2
	-2
	-2
	-2
	-2

	MIMO/MIMO
	80
	7e-4
	8e-3

	
	Pr[DTX at UE]
	1e-4
	2
	4
	4
	N/A
	1e-4
	0
	0
	0
	0

	
	
	1e-3
	N/A
	N/A
	N/A
	N/A
	1e-3
	0
	0
	0
	2

	
	
	1e-2
	N/A
	N/A
	N/A
	N/A
	1e-2
	N/A
	N/A
	N/A
	N/A


Table 11: βhs/βc power ratio requirement to meet 1-2% miss detection or decoding error
	
	Target thrpt [Mbps]
	Target FAR=10%
	Target FAR=30%

	
	
	C2P[dB]
	C2P [dB]

	
	
	PA3
	PB3
	VA30
	VA120
	PA3
	PB3
	VA30
	VA120

	Legacy SC   SIMO
	20
	0
	0
	0
	2
	-2
	-2
	-2
	0

	SIMO/SIMO
	40
	2
	2
	2
	4
	2
	2
	2
	4

	MIMO/MIMO
	80
	2
	2
	2
	4
	2
	2
	2
	4


Observations:

· As seen in Tables 9, 10, 11, across all data rates and channel types, the HS-DPCCH power offset requirement is dictated by the loss in physical layer throughput requirement (due to miss detection or error detection) rather than probability of RLC retransmission requirement

· For example, in Table 9, for 3 RLC transmissions, for a false alarm rate = 10%, for the MIMO/MIMO case, we require an HS-DPCCH/DPCCH power ratio of -2 dB to achieve the required RLC BLER of 8e-3, while we require 2 to 4 dB to achieve a miss detection or decoding error rate of 1-2% as shown in Table 11.

· Based on a target miss detection/decoding error rate of 1 to 2% ,as shown in Table 11, SIMO/SIMO and MIMO/MIMO require the same HS-DPCCH power offset across all the different channel types.

· When comparing single carrier legacy Rel-5 HSDPA against Rel-9 DC-HSDPA+MIMO, we observe the following:
· There is a 2dB increase in required HS-DPCCH power offset to DPCCH between legacy single carrier Rel-5 HSDPA and Rel-9 DC-HSDPA+MIMO
· Comparison was performed assuming 10% false alarm rate (FAR) for both systems or 

· 10% FAR for the legacy HSDPA and 30% FAR for Rel-9 DC-HSDPA+MIMO

· Rel-9 DC-HSDPA+MIMO can potentially operate at higher FAR since Pr[DTX at UE] can be very low if carriers are independent.

This justifies the current working agreement [8] to set the HS-DPCCH power offset for Rel-9 DC-HSDPA+MIMO to:

· the signalled value ΔACK+1 if the corresponding HARQ-ACK message contains at least one ACK but no NACK or 

· ΔNACK+1 if the corresponding HARQ-ACK message contains at least one NACK but no ACK or 

· max (ΔACK+1, ΔNACK+1) if the corresponding HARQ-ACK message contains both ACK and NACK, or is a PRE or a POST.
We realize that in the case of Rel-8 HSDPA, the requirement for HS-DPCCH power offset to DPCCH power is the same irrespective of whether the UE is configured on a single carrier (non-MIMO) or dual carrier. Based on the above analysis and observations, we see the need for the HS-DPCCH power offset to be different between SC (SIMO) and Rel-8 DC-HSDPA (SIMO/SIMO). This will then be consistent with Rel-9 DC-HSDPA+MIMO operation when SIMO/SIMO transmissions are scheduled.

Hence we propose the following:

Proposal 3: Introduce a Rel-8CR to 25.214 to specify that when a Rel-8 DC-HSDPA UE receives HS-PDSCH transport blocks on both carriers, it follows the same rule to set the HS-DPCCH power as agreed in Rel-9 for DC-HSDPA+MIMO.
6
Conclusions

In this contribution, we have highlighted an ambiguity issue with baseline ACK/NACK code book that was selected as a candidate [1] for HS-DPCCH for Rel-9( DC-HSDPA and MIMO). An error event analysis of this chosen code book was performed, highlighting the lack of robustness of the code, due to the fact that the minimum distance between some code words and PRE or POST equals zero. As a result we propose the following:

Proposal 1: Reconsider HS-DPCCH ACK/NACK code book decision for DC-HSDPA+MIMO

Proposal 2: We request RANWG1 to select either of Scheme 4 (as defined in [2]) or Scheme 5 (as defined in [2]) as an ACK/NACK code book for DC-HSDPA+MIMO.

The second part of this contribution focused on a detailed link analysis of Scheme 5 (as defined in 2) in various propagation conditions. First an analysis of the impact of RLC retransmissions on TCP performance was presented which led to a suitable requirement of required packet error rate per RLC transmission as a function of data rate and number of RLC transmissions. These error rates served as a requirement, when evaluating the required HS-DPCCH power offset to DPCCH power from a probability of RLC retransmission point of view. We also examined the required power offset from a loss in DL throughput point of view where the miss detection or decoding error rate was used as a metric. Our observations suggest that the key bottleneck is the DL throughput loss requirement compared to the required RLC error rate. The analysis confirms the proposal in [8] to introduce a 2 dB offset in HS-DPCCH/DPCCH power ratio between 

· single carrier Rel-5 HSDPA operation and Rel-9 DC-HSDPA+MIMO operation, as well as
· single carrier Rel-5 HSDPA operation and Rel-8 DC-HSDPA operation

As a result we have the additional proposal:
Proposal 3: Introduce a Rel-8CR to 25.214 to specify that when a Rel-8 DC-HSDPA UE receives HS-PDSCH transport blocks on both carriers, it follows the same rule to set the HS-DPCCH power as agreed in Rel-9 for DC-HSDPA+MIMO
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