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1 Introduction
At RAN#50 a work item on 8-carrier HSDPA operation [1] was initiated. At RAN1#63bis a few decisions related to 8C-HSDPA was agreed:

· 8C-HSDPA shall be designed so it can operate with a single uplink carrier

· All 8 downlink cells shall be transmit-time-aligned

· Working assumption: From RAN1 point of view, physical layer signalling will be agnostic to supported RF combinations

At RAN1#64 a few additional general decisions related to 8C-HSDPA was agreed:

Furthermore, with respect to the dynamic activation of secondary serving HS-DSCH cells it was agreed:

This contribution focuses on the open issues related to the dynamic activation and deactivation of secondary serving HS-DSCH cells when a UE is configured with 5-8 carriers. More specifically, the paper evaluates the potential HS-SCCH reception quality impact from introducing additional HS-SCCH orders and it is motivated by concerns raised by some companies during RAN1#64.

2 Discussion

2.1 HS-SCCH coding
The coding for the HS-SCCH types is described in subclause 4.6, subclause 4.6A, and subclause 4.6B in [2]. An overview of the HS-SCCH sub-frame structure is illustrated in Figure 1 and it can be noted that HS-SCCH is transmitted on a 1xSF256. The HS-SCCH sub-frame is moreover divided into two parts:

· Part I: This part is transmitted in the first slot of the sub-frame and it carries information about the channelization code set and modulation scheme information 

· Part II: This part is transmitted in the second and third slots of the sub-frame. Part II carries information about the hybrid ARQ, transport block information, etc. In addition to this information, a cyclic redundancy check (CRC) is also included in Part II. The CRC is added before to the Part II information before the channel (convolutional) coding.

When discussing the HS-SCCH decoding performance it is also worthwhile to emphasize that the channel coding for Part I and Part II is done separately. This means that the UE can decode Part I of the HS-SCCH before it has received Part II. Thus detection of HS-SCCHs may be based on the Type I information.


[image: image1]
Figure 1: Structure of the HS-SCCH sub-frame. Part I is transmitted in the first slot. Part II is transmitted during the second and third slot.

As mentioned above the HS-SCCH also carries a cyclic redundancy check. This is based on the information included in Part I and Part II as well as the H-RNTI (UE identity). For HS-SCCH Type 1, the 22 information bits are mapped into a CRC of 16 bits which are added to the Part II information. For HS-SCCH Type 3 the 24 information bits are mapped into CRC of 16 bits which are added to the Part II information. This means that the probability that a HS-SCCH have a certain CRC is approximately 1/216 (assuming that each HS-SCCH message has a uniform probability of belonging to the different sets defined by the CRCs). 
2.2 Error-events for HS-SCCH transmissions

For the monitored set of HS-SCCH(s) the UE will start by decoding the encoded HS-SCCH Part I information. If the received energy of this information exceeds a given threshold, an HS-SCCH transmission is detected. The Part I information includes:

· Channelization code set information: This consists of 7 bits.
· Modulation scheme information: This consists of 1 bit for HS-SCCH Type 1 and Type 2 and 3 bits for HS-SCCH Type 3. 
· Pre-coding weight information for the primary transport block: This consists of 2 bits and is only present for HS-SCCH Type 3.

If the UE has detected Part I information it will also decode Part II. This consists of:

· For HS-SCCH Type 1:

· Transport block size information: This consists of 6 bits.

· Hybrid-ARQ process information: This consists of 3 bits.

· Redundancy and constellation version: This consists of 3 bits. 

· New data indicator: This consists of 1 bit.

· For HS-SCCH Type 2:

· Special information type: This consists of 6 bits.

· Special information: This consists of 7 bits. 
· For HS-SCCH Type 3

· If one transport block was transmitted: 

· Pre-coding weight information: This consists of 2 bits. 

· Transport block size information: This consists of 6 bits.

· Hybrid ARQ process information: This consists of 4 bits.

· Redundancy and constellation version: This consists of 2 bits.

· If two transport blocks was transmitted:  

· Transport block size for the primary transport block: This consists of 6 bits. 

· Transport block size for the secondary transport block: This consists of 6 bits.

· Hybrid ARQ process information: This consists of 4 bits. 

· Redundancy and constellation version for the primary transport block: This consists of 2 bits. 

· Redundancy and constellation version for the secondary transport block: This consists of 2 bits.

In addition to this information the UE will also obtain the CRC, which consists of 16 bits. (Based on Part I and Part II information the UE can compute the CRC). For detected HS-SCCH transmissions a decoding error will only occur if the CRC checks. This means that the received Part I and Part II information must result in the same CRC as the original message. Obviously, the probability for this is very small and assuming the mapping from the HS-SCCH information and CRC is uniform this would occur with a probability of 2-16.
2.3 Error events for HS-SCCH orders

Above we discussed the structure and error detection abilities of HS-SCCH transmissions in general. This section focuses on the error-cases specific to HS-SCCH orders. We stat by listing the different error-cases related transmissions of HS-SCCH orders.
2.3.1 Error events when no HS-SCCH transmission occur

For the case where no HS-SCCH is transmitted, an HS-SCCH error (in which the UE erroneously detects and decodes an HS-SCCH order) occurs when all of the following conditions are fulfilled simultaneously:
· Condition 1: The UE detects HS-SCCH transmissions. This will have a small probability. 

· Condition 2: The Part I information bits corresponds to the bit sequence defined for HS-SCCH orders (this bit sequence is ‘11100000’ for HS-SCCH Type 1 and ‘111000000000’ for HS-SCCH Type 3). For Type I this would occur with a probability of 2-8 whereas the probability for Type 3 will be 2-12.
· Condition 3: The transport block size information bits are decoded as ‘111101’. Note that the TBS size information in Part II is hard-coded for both Type 1 and Type 3 HS-SCCH orders. This will take place with the probability 2-6.
· Condition 4: The CRC checks. Assuming that each CRC occurs equally likely this will occur with a probability of 2-16.

Even when no detector is used at the UE (i.e. condition is always fulfilled) the probability that the UE decode the HS-SCCH transmissions as an HS-SCCH order is approximately 2-8∙2-6∙2-16=2-30. Thus the probability of errors when no HS-SCCH transmission occurs is extremely small. Note also that if two of TBS would be allocated to the describing different HS-SCCH (de)activation this probability would still be 2-28.
2.3.2 Error events when data-related HS-SCCH transmissions occur 

For the case where a HS-SCCH transmission related to data transmissions takes place (i.e. no HS-SCCH order is transmitted) an error where the HS-SCCH transmission is miss-interpreted as an HS-SCCH order occurs if the following conditions are fulfilled:

· Condition 1: The UE detects an HS-SCCH transmission. This will occur with a very high probability.

· Condition 2: There are bit errors in the Part I information so that the Part I related bit sequence correspond to the one for an HS-SCCH order. The probability for this event depends on the bits transmitted on Part I.

· Condition 3: The received TBS information bits are ‘111101’. This probability will depend on the scheduled TBS. Obviously it can be upper bounded by 1.
· Condition 4: The CRC checks. 

The exact error probability will depend on the probabilities with which condition 2 and condition 3 occurs. In general, however, this will occur with a small probability. 

2.3.3 Error event when HS-SCCH orders are transmitted
For the case where an HS-SCCH order is transmitted an error occurs when the UE interprets the HS-SCCH order as another HS-SCCH order.
 This will occur if all the following conditions are fulfilled:
· Condition 1: The UE detects HS-SCCH transmissions. This will happen with a very high probability.

· Condition 2: The Part I information is received correctly. The will happen with high probability.

· Condition 3: There are no errors in the TBS information bits that are hard-coded. This will also happen with a high probability.
· Condition 4: The CRC checks even though there are errors in the order bits.
Compared to the other error cases discussed above, this is the one which will be most likely to occur. For that reason we evaluate this probability in the following section.
3 Numerical evaluations

Above we have discussed the different error cases related to HS-SCCH orders. In section we present a numerical evaluation with the objective of quantifying the probability of the event that there is a bit error in the received HS-SCCH order (after channel decoding) and that this is not detected by the CRC. It should be noted that if this error event occurs, then there are two possible outcomes:
· The bits can describe another HS-SCCH order, or
· The bits can correspond to that another bit sequence was transmitted on the HS-SCCH.

It is only the first of these error-events that will have significant impact on the user performance. Note that this evaluation does not distinguish between these two cases.

More specifically, we assume that the bits related to the HS-SCCH order are given as


[image: image2.wmf](

)

16

1

21

1

c

c

a

a

m

K

K

=





  
(1)
where 
[image: image3.wmf](

)

21

1

a

a

K

 are the un-coded bits related to the HS-SCCH order and 
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 are the CRC bits computed according to procedures described in sub-clause in 4.2.1.1 in [2]. We moreover assume that the transmitted bits are associated with a bit error probability of perror and that the bit errors are independent and identically distributed across all transmitted bits. 
Figure 2 illustrates probability that a corrupted HS-SCCH order is received that and the error is not detected by the CRC. In the figure we have assumed that each order is transmitted with a uniform probability. From the figures we can conclude that: 
· The probability that a corrupted HS-SCCH order is not captured by the CRC is below 0.2 percent for both the Rel-10 and the Rel-11 HS-SCCH order solution described in [3].
· The error probabilities for the Rel-10 and Rel-11 solutions are on par with each other. 
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Figure 2: Probability that a corrupted HS-SCCH order is not captured by the CRC.
4 Conclusions
This contribution has evaluated the probability that a corrupted HS-SCCH order is not captured by the CRC for the Rel-10 HS-SCCH and the HS-SCCH orders proposed in [3] for Rel-11. From the analysis we can conclude that the even though two additional bits in the currently hard-coded TBS field would be allocated to describe HS-SCCH errors the probability that an corrupt HS-SCCH order is not captured by the CRC is only marginally increased.
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Agreements:


It shall be possible to activate and deactivate secondary serving HS-DSCH cells by means of HS-SCCH orders transmitted from the serving Node-B


It shall be possible to go between any two allowed states in a single TTI.





Agreements:


The HS-DPCCH subframe structure with a 1-slot HARQ-ACK field followed by a 2-slot CQI field should be kept.


The transmit power in slots carrying HARQ-ACK or CQI/PCI information should be fixed during the entire slot (as in all previous releases).


8C-HSDPA should provide at least the same HS-DPCCH coverage as provided by Rel-8/9/10 when the same number downlink cells are activated.





Working Assumptions:


The Rel-9/10 HARQ-ACK codebooks are reused for HARQ-ACK transmissions.


Carriers should not be paired for the purpose of CQI and HARQ-ACK reporting in 8C-HSDPA - can be revisited if significant benefits are shown from pairing


2xSF128 for all cases of 5-8 carriers with and without MIMO configured


can be revisited if significant problems are identified. 








� Note that the case where an HS-SCCH order is interpreted as a data-related HS-SCCH has a small impact.
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