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1
Introduction
During Rel-8 DC-HSDPA WI, it was agreed to allow no SCH to be sent by the secondary serving cell as specified in 25.214, 4.2.4 (cut and paste below):

When the UE is configured with a secondary serving HS-DSCH cell, it shall not assume the presence of any common physical channel from that cell other than CPICH. The radio frame timing and timing reference for a secondary serving HS-DSCH cell are defined in [1].

The thinking behind the above proposal was the following:

· The timing of the two carriers is synchronized. Hence, it was not necessary for the UE to receive the synchronization channels (P-SCH, S-SCH) to attain synchronization. Instead, the UE could directly detect the channel impulse response from the secondary HS-DSCH cell, based on the P-CPICH transmitted on the secondary carrier.
· The power savings by not transmitting the common physical channels, can be offered to the HS-DSCH channels thereby improving the HS throughput on the secondary carrier.

· Since mobility is based on the anchor carrier only, the SCH need not be sent on the secondary carrier from all the NodeBs.
RAN4 UE receiver demodulation test requirements were recently introduced for DC-HSDPA Type 3i UEs. For the purpose of cancelling interference from neighbor cells, the DC-HSDPA Type 3i receiver relies on the UE performing channel estimates from these neighbor cells on both the carriers (anchor and secondary). However, if the synchronization channels are absent on the secondary carrier, we consider the impact to the UE searcher on the secondary carrier, and discuss potential solutions to this problem.
2
Type 3i Receiver Structure
In this section we review the Type 3i receiver structure as defined in [1] for a single serving cell. In a Type3i receiver, the interference structure is accounted as non-white and the covariance matrix structure is based on knowledge of channel matrixes of interfering base stations. 

Figure 1 shows the block diagram of the chip level LMMSE equalizer for a UE with 2 receive antennas. The signal at the output of the equalizer is at the chip rate, and can be de-spread further to obtain data symbols.
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Figure 1: Chip Level LMMSE equalizer receiver structure
The received signal is assumed to be expressed as a sum of “own” signal, interfering signals and the white noise:
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 represents the channel matrix corresponding to BS j, containing the contribution from both receiver branches, with 
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 is the channel-matrix for the i’th receiver antenna and the jth cell.
As a general concept, the equalizer consists of two FIR filters w1 and w2 of length F(Ns:
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where the Ns is the number of samples per chip and F is the length of the equalizer in units of chips. The sampled received vectors at two antennas are denoted by 
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where D is a delay parameter (
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). The equalization operation amounts to obtaining the filtered signal 
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As shown in [1], the weight vectors can be expressed as
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where  the notation XD means the D-th column of the matrix X. The 
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 represent the portion of BS j of the total Ioc
. n2 is the variance of the noise vector ni(m), which is assumed to be same for i=1,2. The above equation also assumes that the noises at different antennas are independent.

3
Searcher Impact to DC-HSDPA Type 3i UE
In this section, we examine the searcher impact to the DC-HSDPA Type 3i UE under the following assumptions:

· Homogeneous deployment of DC-HSDPA cells, i.e. the serving NodeB and neighbor NodeBs transmit on dual carriers.
· SCH is transmitted on anchor carrier from all the cells.
· Both carriers are synchronized on the downlink from each NodeB

· The common physical channels (including SCH) are not transmitted on the secondary carrier from all the cells. 

· P-CPICH is transmitted on both carriers from each cell.
· Since mobility is based on anchor frequency only, the UTRAN sends a Measurement Control message containing a list of neighbor cells on the anchor frequency only.
· UE is at cell edge but not out of coverage from the serving and the secondary serving HS-DSCH cells and hence is limited by interference from the neighbor sectors transmitting on both anchor and secondary frequencies.
Since the SCH is transmitted on the anchor frequency, the UE relies on Step 1/2 search to detect the slot timing and frame timing of the neighbor cells and then may use the PSC information from the neighbor cell list (even though this is not essential) on the anchor frequency to perform Step 3 search.
However, even though the carriers are synchronized, the UE does not have any information of the PSCs on the neighbor cells on the secondary carrier. Furthermore, in the absence of the SCH on the secondary carrier, the UE can only exploit the fact that the anchor and secondary carriers are synchronized, by searching on the secondary frequency, for all the 512 possible PSCs around each of the already detected paths from each of the neighbor cells on the anchor frequency. 
Let 

N = number of newly detected neighbor cells on the anchor frequency.

W = search window in units of Tc/2.

Then, the Step 3 searcher processing requirement on the secondary frequency is 512*N*W half-chip offsets to be searched, every time a search is performed for the purpose of cancellation
4
Potential Solutions

In this section, we discuss a few options to solve the searcher impact when SCH is absent on the secondary carrier, as discussed in the previous section.

Option 1: The DC-HSDPA Type 3i UE assumes that SCH is always transmitted on the secondary carrier.
In this case, in the absence of any PSC information of the neighbor cells on the secondary frequency, the UE will rely on Step 1/2/3 search to detect new neighbor cells.
It should be noted that the RAN4 test demodulation test requirements have been defined assuming that SCH is always transmitted on both carriers.

Option 2: The DC-HSDPA UE enables Type3i in anchor carrier and Type 3 in the secondary carrier.

In this case, the UE could continue to perform Step1/2/3 search, but in this case if SCH is absent on the secondary carrier, then it can only enable Type 3 on the secondary carrier, while enabling Type 3i on the anchor carrier. This leads to a performance loss due to lack of interference cancellation of the neighbor cells on the secondary carrier.
Option 3: The UTRAN provides the list of the neighbor cells on the secondary carrier in a separate Measurement Control Message.

This would require to be specified in RAN2 specification as part of the procedure in 25.331 that involves signaling the Measurement Control message that includes the neighbor cell list on the anchor frequency. 

In this case, the UE will still need to search the neighbor list (yet to be detected) on the secondary frequency by searching around each of the detected paths from each of the neighbor cells on the anchor frequency. In other words, the searcher horse power reduces to M*N*W half chip offsets every time a search is performed for the purpose of cancellation, where M = number of the PSCs yet to be detected on the secondary carrier.

Option 4: The UTRAN provides the list of the neighbor cells on the secondary carrier in a separate Measurement Control Message and provides an association between the PSCs on the anchor and secondary frequencies. 
In this case, since there is a one to one association between the neighbor cells on the anchor and secondary frequency. In other words, the Step 3 searcher horse power reduces to M*1*W half chip offsets every time a search is performed for the purpose of cancellation.
Option 5: The PSC is commonly configured on both carriers.

This is a special case of Option 4, but a more simpler option, since the above could be specified in 25.331 (without RRC signaling and ASN.1 impact) by indicating so in the procedures involving configuration of the dual cells in the UE. 

However, further study may be needed to understand the adjacent channel interference impact of using the same PSC on both carriers. Furthermore, there maybe existing deployments where the PSCs of the adjacent carriers are not the same, and this option may not be viable.

In Table 1 below, we summarize the above 5 options.
Table 1: Summary of the different options

	Option
	Description
	UE Searcher Impact
	Spec Impact
	Comments

	1
	The DC-HSDPA Type 3i UE assumes that SCH is always transmitted on the secondary carrier.
	-UE relies on Step 1/2/3 to detect new cells on the secondary carrier
	25.214
	-Simple change

-Loss in HS throughput due to increase in overhead channels on the secondary carrier

	2
	The DC-HSDPA UE enables Type3i in anchor carrier and Type 3 in the secondary carrier.
	-UE relies on Step 1/2/3 to to detect new cells on the secondary carrier. If SCH is absent UE enables Type 3 receiver in secondary carrier.
	None
	-Loss of Type 3i gains in secondary carrier 

	3
	The UTRAN provides the list of the neighbor cells on the secondary carrier in a separate Measurement Control Message (MCM).
	-UE relies on Step 3 search only to detect new cells on the secondary carrier
- Step 3 searcher horse power equals M*N*W half chip offsets every search cycle
	25.331
-Indicate that in call-setup procedure, this additional MCM will always be sent. 


	-No change to RRC signaling
-Requires modification to RRC procedure

-Improvement in Step 3 Searcher horse power by 512/N

	4
	The UTRAN provides the list of the neighbor cells on the secondary carrier in a separate Measurement Control Message and provides an association between the PSCs on the anchor and secondary frequencies
	-UE relies on Step 3 search only to detect new cells on the secondary carrier 

- Step 3 searcher horse power equals M*1*W half chip offsets every search cycle
	25.331
-Signaling and procedure impact
	-Modification to both RRC signaling and procedures

-Improvement in Step 3 Searcher horse power by 512

	5
	The PSC is commonly configured on both carriers
	-UE relies on Step 3 search only to detect new cells on the secondary carrier.
- Step 3 searcher horse power equals M*1*W half chip offsets every search cycle
	25.331

- No Signaling impact

-Procedure impact
	- Simple change

- May not be an acceptable solution in legacy networks where different PSCs may have been configured

-Further study needed to evaluate the ACI impact due to use of the same PSC on the adjacent channel.

Improvement in Step 3 Searcher horse power by 512


5
Conclusions

In this contribution, we have highlighted a serious issue relevant to DC-HSDPA Type 3i UEs when the SCH is not transmitted on the secondary carrier in DC-HSDPA operation. A few options have been discussed here and we propose that RAN WG4 agree to one of the options. Depending on the option agreed upon, an LS may be needed to be sent to RAN1/RAN2 indicating the RRC signalling/procedure modifications.
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