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1 Introduction

In RAN1#53bis, an idea about HS-SCCH design is discussed that HS-SCCH on one carrier could indicate and control the transmission of HS-PDSCH on the other carrier in [1]. In this contribution, we discuss some possible supplemental solution for the design of HS-SCCH and analyze the impacts on HS-DSCH scheduling, compatibility of HS-SCCH format and complexity of network and UE. 

2 Discussion –issues to be considered
The above idea means that the HS-SCCH on anchor carrier could indicate and control the data transmission on supplementary carrier and vice versa. The following issues are to be considered.
2.1 HS-SCCH and HS-PDSCH relation issue
There are 3 methods to indicate UE HS-PDSCH data on which carrier should be received after receiving HS-SCCH. 

1. configured by high layer .
2. assign two different H-RNTI on two carriers, each HS-SCCH with a different H-RNTI
3. Change HS-SCCH format ,i.e , part1
In our opinion, it might lead to more reconfiguration messages for the first method. For the second method, each Dual-Cell capable UE should be assigned total four H-RNTIs in dual cell and these four H-RNTIs only has two values which different H-RNTIs on each cell corresponding to anchor carrier or supplementary carrier. The third method brings out a lower latency than the first method. 

The following section lists the possible formats and compared these solutions.

2.1.1 HS-SCCH format solutions
Option A: Only a combined HS-SCCH exists on the anchor carrier, part 1 is something like type 1
-
Channelization-code-set information for anchor carrier (7 bits)

-
Channelization-code-set information for supplemental carrier (7 bits)
 


-
Modulation scheme information for anchor carrier (1 bit)

-
Modulation scheme information for supplemental carrier (1 bit)


-
Transport-block size information for anchor carrier (6 bits)




-
Transport-block size information for supplemental carrier (6 bits)



-
Hybrid-ARQ process information (4 bits)











-
Redundancy and constellation version for anchor carrier (2 bits)



-
Redundancy and constellation version for supplemental carrier (2 bits)



-
UE identity (16 bits)
As described in specification 25.212 section 4.6.2,

The value of xms,1 is derived from the modulation and given by the following:
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The channelization code-set bits xccs,1, xccs,2, …, xccs,7 are coded according to the following:

Given P (multi-)codes starting at code O, and given the HS-SCCH number if 64QAM is configured for the UE and xms,1=1, calculate the information-field using the unsigned binary representation of integers calculated by the expressions,

for the first three bits (code group indicator) of which xccs,1 is the MSB:

xccs,1, xccs,2, xccs,3 = min(P-1,15-P)

If 64QAM is not configured for the UE, or if 64QAM is configured and xms,1=0, then 
for the last four bits (code offset indicator) of which xccs,4 is the MSB:

xccs,4, xccs,5, xccs,6, xccs,7 = |O-1-(P/8( *15|

Otherwise (i.e. if 64QAM is configured for the UE and xms,1=1), 

P and O shall fulfil |O-1-(P/8( *15| mod 2 = (HS‑SCCH number) mod 2, and then 

xccs,4, xccs,5, xccs,6, xccs,dummy = |O-1-(P/8( *15|, where xccs,dummy is a dummy bit that is not transmitted on HS-SCCH. 

Furthermore,  
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The above solution tries to use the frame format similar as that of MIMO mode,  where the differences lie in channelization code set information, modulation scheme information. As the fading factor in two carriers is uncorrelated, there should be 4 more information bits than MIMO to control the different steam independently. The gain of this option is to reduce the code overhead of HS-SCCH on supplemental carrier while the drawback is the redundancy reduction in decoding performance of HS-SCCH part 1 . 

Option B: Only a combined HS-SCCH exists on the anchor carrier, part1 is something like type 3
-
Channelization-code-set information for anchor and supplemental carrier (7 bits)

-
Modulation combination scheme information for anchor and supplemental carrier (3 bit)

-
Transport-block size information for anchor carrier (6 bits)




-
Transport-block size information for supplemental carrier (6 bits)



-
Hybrid-ARQ process information (4 bits)











-
Redundancy and constellation version for anchor carrier (2 bits)



-
Redundancy and constellation version for supplemental carrier (2 bits)



-
UE identity (16 bits)
As described in specification 25.212 section 4.6.2,

The channelization code-set bits xccs,1, xccs,2, …, xccs,7 are coded according to the following:

Given P (multi-)codes starting at code O, and given the HS-SCCH number if 64QAM is configured for the UE and xms,1, xms,2, xms,3 is equal to “101”, calculate the information-field using the unsigned binary representation of integers calculated by the expressions,

for the first three bits (code group indicator) of which xccs,1 is the MSB:

xccs,1, xccs,2, xccs,3 = min(P-1,15-P)

If 64QAM is not configured for the UE, or if 64QAM is configured and xms,1, xms,2, xms,3 is not equal to “101”, then 

for the last four bits (code offset indicator) of which xccs,4 is the MSB:

xccs,4, xccs,5, xccs,6, xccs,7 = |O-1-(P/8( *15|

Otherwise (i.e. if 64QAM is configured for the UE and xms,1, xms,2, xms,3 is equal to “101”), 

P and O shall fulfil |O-1-(P/8( *15| mod 2 = (HS‑SCCH number) mod 2, and then 

xccs,4, xccs,5, xccs,6, xccs,dummy = |O-1-(P/8( *15|, where xccs,dummy is a dummy bit that is not transmitted on HS-SCCH.
Furthermore,
xccs,7 = 0 if the modulation for both the anchor and supplemental carrier is 64QAM. 

xccs,7 = 1 if the number of transport blocks on two carriers = 1.
The value of xms,1, xms,2, xms,3  represents the eight combination schemes of QPSK,16QAM and 64QAM

Table 1: Mapping of xms
	xms,1, xms,2, 
xms,3
	Modulation for primary transport block
	Modulation for secondary transport block

	000
	QPSK
	QPSK

	001
	16QAM
	QPSK

	010
	64QAM
	QPSK

	011
	QPSK
	16QAM

	100
	16QAM
	16QAM

	101
	64QAM
	16QAM

	110
	QPSK
	64QAM

	111
	16QAM
	64QAM


In this option, there is no impact to decoding performance in HS-SCCH part 1, but there are only 7 channelization code-set bits assigned for both anchor and supplemental carrier. Furthermore, a deep fading on anchor carrier might deteriorate the performance badly.
2.2 HS-SCCH mode change issue
In case that supplementary carrier is deactivated by NB, UE only receives anchor carrier data transmission and HS-SCCH only indicates data transmission on the same carrier. If UE is going on large volume traffic, generally, it looks better that HS-SCCH indicates data transmission on the same carrier.  So it should consider the HS-SCCH mode change issues. There are two methods for the issues: one is using physical signalling such as HS-SCCH order and another is reconfigured by high layer. In case of using physical signalling, it should consider the mechanism to assure the reliability and timing relation. If reconfigured by high layer, it seems a more time latency. 
2.3 Retransmission issue
 Whether the transport block initially transferred on one carrier can be retransmitted on anchor carrier is to be discussed.
Impact on NW and UE

The followings are lists of impact on NW.

· Scheduling scheme: only that HS-SCCH and HS-PDSCH resource are not balanced occurs, the idea may have some value. In fact, it would lead scheduling scheme change to do joint HS-SCCH and HS-PDSCH scheduling.
· HS-SCCH and HS-PDSCH physical layer implementation: the idea changes the corresponding relation and it would change the action of implementation.
· Backward compatibility.
The following are lists of impact on UE.

· UE shall support two kinds of HS-SCCH and HS-PDSCH relation.

conclusion
In this contribution, we discuss the issues of HS-SCCH format design and list the possible solutions and impacts on NW and UE. 
From the listed solutions, it seems there is little gain to use one combined HS-SCCH to indicate and control the transfer of HS-PDSCHs on another carrier.

It is also concluded that this option would lead to more complex problems to be handled. 
So, It is proposed:

RAN1 agrees the HS-SCCH in one carrier is only restricted to indicate the data transmission of HS-PDSCH on the corresponding carrier in DC operation.
3 References

[1]  R1-082532, “Control channel support for HSDPA Dual-Cell operation”
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