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1
Introduction
At the end of the EUL SI phase in RAN1, it was seen that HARQ provides significant gains in uplink capacity [1]. Further, in [2], we showed that IR improves link efficiency significantly compared to Chase combining, when the initial transmission code rate is high.

In section 7.2.4 of [1], the issues associated with HARQ operation in SHO are listed. The following is a summary of all schemes, designs and issues.

· ACK/NAK transmission from all cells in UE’s active set

· Uplink and downlink signaling error rates in link imbalance

· Protocol robustness

· Soft buffer corruption

· Use of simple ARQ instead of HARQ in SHO

In this document, we will assume that HARQ is allowed for E-DCH. Therefore, we allow for soft combining, instead of simple ARQ. Once we assume this, the relevant questions are:
· Can HARQ be supported in SHO ?
· Is signaling load the main concern ? 

· If so, what is the impact of the HARQ scheme (type-I (CC) or type-II (IR)) on the design ?

In this document, we address these questions from the UL perspective. The DL issues are addressed in a separate document [3].
2
HARQ Load in Uplink
2.1
Control Signaling Reliability

When two channels are transmitted, one to transport data and another to signal the associated TF or TFC, the signaling channel needs to reliable. Consider the following set of equations:
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Neglecting undetected errors due to CRC on data channel, the data is effectively in error if either channel is in error. If we assume independent errors, we have:
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Based on this relationship, a typical guideline is to design the system such that the signaling channel performance is an order of magnitude better than the data channel.
If the control signaling is transmitted simultaneously with data, the errors are correlated. This is the case with R99 when TFCI is signaled concurrently with DPDCH. In the worst case, if the errors are completely correlated, the overall error rate is dictated by the worst channel performance.

In Section 9.2.4.1 and figure 9.2.4.3 of [1], we noted that at -21 dB DPCCH SNR and using slot format 0, the error rate associated with TFCI signaling is 0.1% or better across all channels considered. Assuming that the lowest target BLER on any of the TrCH on DCH is 1%, TFCI signaling performance is consistent with the above guideline.
2.2
E-TFICH Reliability

For E-DCH with HARQ, the first transmission error rate will be larger than 1%. Depending upon the UTRAN configuration and QoS requirements, it could range from 20% to 90% as seen during the SI phase. After all re-transmissions, we assume that the target E-DCH BLER is 1%.
Further, we assume that the E-DCH signaling channel, termed as E-TFICH, does not have a CRC. This makes the structure similar to TFCI signaling for R99.

Following the same guiding philosophy as used in R99 for setting the E-TFICH performance, the target effective error requirements for E-TFICH ranges from 2% to 9% for the 1st transmission, and 0.1% after all re-transmissions. In other words, the E-TFICH doesn’t have to be as reliable for the 1st transmission as it needs to be for the last transmission.
2.3
E-TFICH Decoding

For HARQ, each cell needs to store the soft symbols from previous E-DCH transmissions that are not successful. This is regardless of whether SHO is supported or not.
Without a CRC, the E-TFICH can be decoded using any of the following schemes.

· Nominal decoding
· Always trust decoder O/P and decode E-DCH in accordance with TF and RV indicated

· Erasure decoding
· Trust decoder O/P only if an erasure threshold is exceeded
· Similar to part I HS-SCCH decoding
Assume that among other fields (QoS, HARQ process ID if asynchronous), the following are signaled in E-TFICH.

· TF index
· Transmission number (TN) or New Data Indicator (NDI)
The receiver therefore has some a priori information that can be used. Each Node-B could derive the most likely E-TFICH based upon the current and all previous E-TFICH transmissions for pending E-DCH data.

This leads to a Maximum Likelihood decoding structure of E-TFICH.:
· If TN is sent, then all combinations of TF index and TN are not possible

· TN 0 cannot be followed by TN 3 for the same TF index
· If TF index changes, the TN must be 0

· If NDI is sent, then TF index cannot change without NDI changing sign as well

Further note that the rules change depending upon whether the receiver is a part of the serving cell or non-serving cell. In a single serving cell scenario, the serving cell knows that the TF index cannot change unless it scheduled the UE.

Based upon ML decoding, at each E-TFICH reception, the hypothesis of the TF and associated RV sequence is changed. Therefore, the stored soft symbols of the corresponding E-DCH are combined appropriately. There is no additional buffer requirement at the receiver since the soft symbols for all pending transmissions have to be stored anyway for HARQ operation.
The ML decoding scheme yields an improved performance of E-TFICH. With each transmission, the effective codeword length increases and so does the distance between codewords, thereby reducing the effective E-TFICH error rate.
The detailed performance of such a scheme is FFS and will be shown subsequently.
3
Differences between CC and IR
It was shown in [2] that IR improves link efficiency significantly when the 1st transmission code rate is very high. This is typically the case with high data rates.

3.1
Effect on link budget

In pure SHO, UEs will not be able to support high data rates. It is not clear whether this is true for softer HO (cells within same Node-B). Regardless, even for lower data rates, the choice of code rate for a given TF is linked to the link budget. For a given TF, one can:

· Lower the code rate using more OVSF codes and use only type I HARQ
· Potential PAR increase, PA backoff and reduced coverage

· Keep a higher code rate and improve link efficiency with type II HARQ
· Lower PA backoff and improved coverage

Therefore, depending upon whether IR is supported or not, the link budget is affected.

3.2
Signaling requirement

Assuming HARQ is supported for the E-DCH, we discuss the signalling requirements associated with HARQ type II and compare them with those associated with HARQ type I.
Section 7.2.3 of [1] describes the information elements that are required for HARQ operation. The following information is needed regardless of the HARQ type.

· HARQ process number (if asynchronous)

· RM parameters (TB size, Number of PhCH bits)

If HARQ type I is used, an additional New Data Indicator (NDI) is necessary to enable proper soft buffer management.
If HARQ type II is used with a fixed RV sequence and additional Redundancy Version (RV) indicator is necessary. Note that if the number of RV is equal to the maximum number of transmissions no explicit NDI is required since the RV implicitly conveys the new data information when it is set to the value corresponding to the first redundancy version.
Table 1 shows the number of bits required to support a number of configurations. We note that for the most likely configuration (see [2]), denoted by the shaded portion, at most one more signaling bit would be required to support HARQ type II operation.

Given that the total number of control bits is larger when considering the need to signal the transport format we conclude that the relative overhead increase to support HARQ type II is small. 

	Parameter
	Type I
	Type II 
	Type II
	Type II
	Type II

	Number of Transmissions
	any
	2
	4
	any
	any

	Number of RVs
	1
	2
	4
	2
	4

	NDI bit
	1
	0
	0
	1
	1

	RV bits
	0
	1
	2
	1
	2

	NDI+RV bits
	1
	1
	2
	2
	3


Table 1
4
Conclusions

In section 2, we have shown the L1 HARQ load in uplink can be kept small by a smart choice of the E-TFICH error requirements and better decoding schemes.
Therefore, we propose that HARQ for E-DCH in non-SHO and SHO regions be defined as a working assumption.

Further, in section 3, we have shown that the additional overhead of IR over CC is very small.

Therefore, we propose that Type-II HARQ be supported for E-DCH in non-SHO and SHO regions.
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