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1
Introduction

In 25.308 v5.3.0, clause 5.2.2.1 following sentence in square brackets can be found: “[The HS-DSCH carries a UE identity that identifies the UE so that erroneous delivery of MAC-PDUs to MAC-d is avoided.]” 

In the last meeting (RAN2#33) the need for the UE Id in the MAC-hs header was discussed in order to overcome wrong HS-SCCH decoding leading to wrong data passed to the higher layers. Contributions were invited to analyse the issue further.

It is the intention of this contribution to investigate the probability and the consequences of such case in more details and to conclude on the need of UE Id on HS-DSCH.
2
Probability of wrong HS-SCCH decoding

Each UE in the cell monitors the set of  (up to) 4 HS-SCCH [2] to determine whether and how it should decode the HS-DSCH. The offset between the beginning of HS-SCCH and HS-PDSCH is 2 time slots. One subframe of HS-SCCH consists of 3 time slots, first containing the time critical information needed to decode HS-PDSCH. Each UE has to descramble the first part of HS-SCCHs with own encoded UE Id and decode them continuously. After decoding of the first part, the UE identifies HS-SCCH sub frames addressed to itself. After decoding also the second part, the identification can be confirmed by a 16 bit CRC check (also masked by UE Id). In [1] following estimation has been made for the probability of wrong HS-SCCH decoding, expressed as a time period with which it may happen for the worst case:


[image: image1.wmf]N

P

t

CRC

HSSCCH

wrong

*

500

*

4

1

16

=

-

[s],

where P16CRC is the probability of CRC failure (wrong block not detected) and N is the number of users in a cell. There are up to 4 HS-SCCHs per user and 500 decoding per HS-SCCH within one second. In [1], for P16CRC = 2-16 (corresponding to 16 bit CRC applied on HS-SCCH) and N=32, the twrong-HSSCCH is about 1 s. 

Mentioned formula expresses really the worst case that may occur. Normally the probability could be essentially lower because of following facts:

· Not every UE has to listen to all four HS-SCCHs

· The mentioned probability of failing CRC is only relevant for high Bit Error Rates (from 21 more than 16 bits wrong after channel decoding), the 16 bit CRC never fails if less than 16 bits are wrong. 

· As soon as the first part of HS-SCCH is read, the UE may know that it is probably not addressed to it and thus it does not begin to decode the HS-DSCH at all

· Number of active HSDPA users in a cell varies with time 

Anyhow, even if the HS-SCCH is wrong decoded, the error may be discovered later when decoding HS-DSCH. Following clause tries to analyse the worst-case probability that it shall not be discovered.

3
HS-DSCH decoding

In general two cases may occur, in which the CRC on HS-DSCH will not detect the error although the block is not for the UE that tries to decode it: 

· CRC does not detect failure because UE decodes “random” information on HS-DSCH because of failure of CRC on HS-SCCH

· CRC does not detect failure because UE tries to decode HS-DSCH with information from HS-SCCH, which is by chance valid also for that HS-DSCH 

For the first case the probability of the wrong information to be passed to the higher layers can be expressed by time between two wrong decoding as follows:
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where P24CRC is probability of failing the 24 bit CRC on HS-DSCH (its value is 2-24 for high BER), P16CRC is the probability of failing the 16 bit CRC on HS-SCCH (its value is 2-16 for high BER) and N is the number of users in a cell. There are up to 4 HS-SCCHs per user and 500 decoding per HS-SCCH within one second. Rest of the formula represents the probability of wrong HS-SCCH decoding as described above. For N=32 the time twrong1 is about 199 days.

For the second case we have to analyse the data carried on the HS-SCCH in more details. This case occurs if the parameters (wrongly) decoded from HS-SCCH are by chance the same as applied on the read HS-DSCH and thus, neither CRC nor HARQ process will fail.

Following parameters are carried on HS-SCCH:

	Parameter
	Description
	Number of bits

	Channelisation code set
	Set of channelisation codes on which HS-DSCH is sent
	7

	Modulation
	QPSK or 16QAM
	1

	TBS
	Transport Block Size
	6

	HARQ info
	Process number
	3

	RV
	Redundancy Version
	3

	NDI
	New Data Indicator
	1


CRC would fail if we read wrong combination of Channelisation code set, modulation and TBS. HARQ shall not recover from error if HARQ relevant parameters (RV, NDI or HARQ info – together 7 bits) are by a chance valid. Probability that this occurs expressed by time between two wrong decoding is as follows:
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where PCRC-OK is probability that CRC will not discover the failure as actually there is no failure, but by a chance the parameters for decoding are appropriate for that HS-DSCH. PCRC-OK is 2-14 (combination of 14 bits corresponding to channelisation code set, modulation and TBS should be the same). For N=32 users in a cell the twrong2 = 4.7 hour if PHARQ-OK would be considered to be 1 (the very worst and non-realistic case if we do not rely on HARQ parameters and robustness of HARQ process at all).

For HARQ-relevant parameters the probability PHARQ-OK is not easy to estimate as it depends partially on HARQ implementation (not all of these parameters have to be necessarily used). Anyhow, if HARQ relevant parameters are different as awaited, robust implementation of HARQ receiver shall discover it and discard the wrong data. Particular probability depends on usage of HARQ relevant parameters and corresponds to the probability that they will be by a chance the same as needed for particular HS-DSCH.

For the time between two wrong decoding if all those parameters are used and for N=32 is about 25 days (PHARQ-OK=2-7, which would be in reality a little bit lower due to the ambiguous cases for decision at the HARQ receiver. This probability depends on current state of transmission on that HS-DSCH, corresponding HARQ relevant parameters combination and receiver implementation). 

Now we can estimate the worst case of the wrong information to be passed to the higher layers: 
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Worst case for N=32, with PHARQ-OK=1 would lead to twrong=4.6 hour. As already explained above, this is the very worst case, which is not likely to happen for that particular N.
5
Conclusion

As shown above, the probability of wrong decoding leading to wrong data to be passed to higher layers is rather low. The UE Id would introduce further 16 bits onto HS-DSCH only to avoid rare failures. 

We conclude that no additional UE Id is necessary on HS-DSCH. Attached CR removes the sentence in square brackets from 25.308. 
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5.2.2.1
FDD Downlink Physical layer Model
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Figure 5.2.2.1-1: Model of the UE's Downlink physical layer - HS-PDSCH with associated DPCH. HS-PDSCH is transmitted from cell 1 in this figure

The basic downlink channel configuration consists of one or several HS-PDSCHs along with an associated DPCH combined with a number of separate shared physical control channels, HS-SCCHs. The set of shared physical control channels allocated to the UE at a given time is called an HS-SCCH set. The UTRAN may use more than one HS-SCCH set in one given cell. There is a fixed time offset between the start of the HS-SCCH information and the start of the corresponding HS-PDSCH subframe.

The UE is provided one HS-SCCH set on HS-PDSCH configuration/re-configuration via RRC signalling.

The number of HS-SCCHs in a HS-SCCH set as seen from the UE's point-of-view can range from a minimum of one HS-SCCH to a maximum of four HS-SCCHs. The UE shall monitor continuously all the HS-SCCHs in the allocated set.

A two-step signalling approach is used for indicating which UE has been scheduled and for signalling the necessary information required for the UE to decode the HS-PDSCHs.

For each HS-DSCH TTI, each Shared Control Channel (HS-SCCH) carries HS-DSCH-related downlink signalling for one UE. The following information is carried on the HS-SCCH:

-
Transport Format and Resource Indicator (TFRI):
The TFRI includes information about the dynamic part of the HS-DSCH transport format, including transport block set size and modulation scheme. The TFRI also includes information about the set of physical channels (channelisation codes) onto which HS-DSCH is mapped in the corresponding HS-DSCH TTI.

-
Hybrid-ARQ-related Information (HARQ information):
This includes the HARQ protocol related information for the corresponding HS-DSCH TTI (subclause 7.1.2.1) and information about the redundancy version.

The HS-SCCH carries a UE identity (via a UE-specific CRC) that identifies the UE for which it is carrying the information necessary for decoding the HS-PDSCH. The UE may also identify the HS-SCCH channel carrying information for it by descrambling the first part of the HS-SCCH by the UE identity.

The HS-PDSCH channelisation codes that are used in a given cell are not sent to the UE using RRC signalling. The HS-SCCH signals the set of HS-PDSCH channelisation codes which are allocated to a UE for a given TTI.

The first part of the HS-SCCH contains the channelisation code set and the modulation scheme for the HS-DSCH allocation with the second part containing the transport block size and H-ARQ related information. One CRC is calculated over both parts and the UE id, and attached to the HS-SCCH information.

In case of HS-DSCH transmission to the same UE in consecutive HS-DSCH TTIs, the same HS-SCCH should be used for the corresponding associated downlink signalling.

The upper layer signalling on the DCCH can be mapped to the DCH mapped to the associated DPCH or the HS-DSCH.
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