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1.
Introduction
This paper discusses the requirements for uplink and downlink signaling related to HS-DSCH transmission. The paper covers signaling related to HS-DSCH Hybrid ARQ as well as HS-DSCH scheduling including transport format (MCS) selection. In addition to the required amount of signaling, the paper also discusses the required reliability of the signaling, since this will impact the selection of coding and transport on L1. The paper focuses on “fast” signaling, i.e. information that has to be signaled with a rate of once-per-TTI or similar.

The discussion assumes FDD. However, it is expected that a main part of the discussion should be valid also for TDD.

2.
Signaling requirements for H-ARQ

This section discusses the signaling needed for HS-DSCH Hybrid ARQ. It is assumed that Chase combining will be used for HS-DSCH Hybrid ARQ, i.e. redundancy version does not need to be signaled on the downlink. The reason for using Chase combining and not Incremental Redundancy is given in [5]. 

Several different schemes have been discussed for HS-DSCH Hybrid-ARQ. From a signaling point-of-view, the important difference between these schemes is to what extent they rely on synchronization for the downlink transmission of HS-DSCH data and for the uplink transmission of Hybrid ARQ feedback (acknowledgements etc). There are three main alternatives:

· In case of synchronous N-channel Stop-& Wait [2], the channel process is identified by the timing of the downlink transmission. Furthermore, there is a strict timing relation between the reception of downlink data on HS-DSCH and the transmission of the corresponding uplink acknowledgements. This kind of scheme can be called sync/sync, implying that there are strict synchronization requirements for both the downlink and uplink transmissions.

· In case of asynchronous N-channel Stop-and-Wait schemes [3,6], the channel process is independent of the timing of the downlink transmission. However, there is still a strict timing relation between the reception of downlink data on HS-DSCH and the transmission of the corresponding uplink acknowledgements. This kind of scheme can be called async/sync, implying that there are strict synchronization requirements for the uplink transmissions but not for the downlink transmissions

· Finally, one can have a scheme where there are no strict synchronization requirements for either the downlink or the uplink transmissions. This kind of scheme can be called async/async. An example of such a scheme can be found in [4].
2.1.
Sync/sync schemes

For a sync/sync Hybrid ARQ scheme, such as synchronous N-channel Stop-and-Wait, no signaling of channel-process numbers are needed in the downlink as the channel-process is identified by the transmission timing,

Still, a block number is needed for the UE to know what HS-DSCH blocks to combine. In the simplest case, a single-bit block number (a “New/Continue” flag) can be used. However, with a single-bit block number, the UE can not know if an inconsistent block number is due to errors in the uplink acknowledgement signaling or in the downlink signaling (errors in the “New/Continue” flag). Therefore, to increase robustness it is proposed to use a two-bit block number in case a sync/sync scheme should be selected for HS-DSCH Hybrid ARQ. 

For a sync/sync scheme, only a one-bit acknowledgement is required for the uplink. This indicates whether data in the corresponding channel process was correctly received or not.

The reliability for the block number needs to be high in order not to combine HS-DSCH blocks with different block numbers. Also reliability of the acknowledgements should be high to prevent misinterpreting a NACK for an ACK (NACK(ACK error), potentially triggering an RLC re-transmission or an RLC discard.

Note that, to support in-sequence delivery of received PDUs from Hybrid ARQ, additional downlink signaling is needed.

2.2.
Async/sync schemes

For an async/sync Hybrid ARQ scheme, a channel process number is required in the downlink. With a 3-bit channel process number, the maximum number of HARQ channel processes is N=8, which should be sufficient.

Similar as for a sync/sync scheme, a block number of at least one bit is needed, also for an async/sync scheme. However, for improved robustness, it is once again proposed to use a two-bit block number

Also similar to a sync/sync scheme, for an async/sync scheme, only a one-bit acknowledgement is required for the uplink.

The reliability on the channel process number and the block number need to be high not to combine HS-DSCH blocks with different block numbers or from different channel processes. The process to recover from these protocol error situations could be costly. Furthermore, reliability of the acknowledgements should be high to prevent misinterpreting a NACK to an ACK. Any of these errors would potentially trigger re-transmission or discard by RLC.

It should be noted that in [3] additional bits were added in the downlink into the block number. This was to cope with FCS in future releases. We do not see a need for this at this stage. 

Note that, similar to the sync-sync schemes, to support in-sequence delivery of received PDUs from Hybrid ARQ, additional downlink signaling is needed also for async/sync schemes.

2.3.
Async/async schemes

In an async/async H-ARQ scheme, as e.g. described in [4], a sequence number is needed in the downlink. As discussed in [4] it seems enough to use 5-bits sequence numbers.

In the uplink the UE signals the sequence number and, preferably, one additional bit as a status message indicator indicating if all blocks up to that sequence number was correctly received or only that sequence number. This is further explained in [4].

The reliability on the sequence number in the downlink should be high in order not to trigger re-transmissions or discard by RLC, and also to prevent protocol errors. The reliability on the sequence number and the status message indicator in the uplink should be medium since the node-B can do local error-recovery or HS-DSCH Hybrid ARQ restart based on that one status message is not aligned with previous status messages. 

Note that, for an async/async scheme as the one proposed in [4], the in-sequence delivery is implicitly solved.

It should be noted that the different types of downlink signaling described above (channel process number, block number (New/Continue flag), and sequence numbers) are basically only different names for more or less the same thing, i.e. signaling to identify downlink data. They can thus all be seen as different parts of different types of sequence numbers.

In principle one can conclude:

· Compared to schemes with asynchronous downlink (async/sync and async/async), synchronous downlink (sync/sync) gains in downlink signaling as the downlink data is partly identified by the timing of the downlink transmission.

· Schemes with synchronous uplink (sync/sync and async/sync) gains in uplink signaling, compared to schemes with asynchronous uplink (async/async)

3. Signaling requirements for scheduling of HS-DSCH

This section discusses the downlink and uplink signalling needed for HS-DSCH scheduling including the transport-format (MCS) selection. The signaling requirements are described for the downlink and uplink separately.

3.1
Downlink

Three different principles for the HS-DSCH-related downlink signaling have been discussed

Alt #1 (1-step approach A): 
All HS-DSCH-related downlink signaling on an associated DPCH, followed by data on HS-DSCH

Alt #2 (1-step approach B): 
All HS-DSCH-related downlink signaling on a shared control channel, followed by data on HS-DSCH

Alt #3 (2-step approach): 
Part of the HS-DSCH-related downlink signaling on an associated DPCH, followed by additional HS-DSCH-related downlink signaling on a shared control channel and data on HS-DSCH.

Note that the 1-step approach B (Alt #2) does not imply that there is no associated downlink DPCH. Alt #2 only assumes that the associated downlink DPCH does not carry any HS-DSCH-related downlink signaling. Whether a downlink DPCH is needed or not is a different issue.  It is proposed that HS-DSCH transmission should always be associated with the transmission of a downlink DPCH, e.g. for power control of uplink DPCH.

Furthermore, for the 2-step approach (Alt #3) there are two different timing alternatives, see also Figure 1:

· HS-DSCH-related downlink signaling on a shared control channel in parallel with the corresponding data on HS-DSCH (Alternative #3a)

· HS-DSCH-related downlink signaling on a shared control channel at least partly prior to the corresponding data on HS-DSCH (Alternative #3b). This alternative implies that at least some part of the signaling information on the shared control channel can be decoded before the reception of the corresponding HS-DSCH TTI.
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Figure 1
UE indication

In case an associated DPCH is used for HS-DSCH-related downlink signaling (Alt #1 and Alt #3), the DPCH should at least carry an HS-DSCH indication, indicating to the UE that data is transmitted on HS-DSCH. In this way, the UE does not need to continuously read either the shared control channel or the HS-DSCH. The HS-DSCH indication could either be explicit (one bit) or implicit, i.e. part of some other downlink signaling. As an example, a certain code assignment or a certain transport format could imply no HS-DSCH data. This kind of implicit indication is used for DSCH.

If an associated DPCH is not used for HS-DSCH-related downlink signaling (Alt #2), the shared control channel must carry an UE identity that identifies which UE(s) should read the HS-DSCH. The number of bits needed for the UE identity depends on the maximum number of UEs that should be able to have HS-DSCH reception configured simultaneously in a cell. If an identity similar to the C-RNTI is used that would mean 16 bits. However, 8 bits should probably be more than sufficient for an explicit HS-DSCH-related UE identity. 

As the proposal is to have an associated DPCH in case of HS-DSCH transmission, the proposal is to also have a UE indication (implicit or explicit) on this associated DPCH. 

Note that, even with an HS-DSCH indication on the associated DPCH, there may still be benefits with an additional explicit UE identity on the shared control channel, as this would relax the reliability requirements for the DPCH HS-DSCH indication.  Whether this is needed or not is for further studies. 

The reliability of UE identification should be high in the sense that a UE should not try to and potentially succeed in decoding data intended for another UE.

Code assignment

The code-assignment information indicates what physical channels (codes) the HS-DSCH is mapped to in a given HS-DSCH TTI. It is proposed that this signaling could follow similar principles as the code-assignment information for DSCH, i.e. a limited number of code assignments can be signaled in each TTI. The set of available code assignments is set up by means of RRC signaling at HS-DSCH configuration.

The required number of bits depends on what flexibility is needed in the short-term code assignment. This e.g. depends on the typical number of UEs that would simultaneously share the HS-DSCH physical channels by means of code multiplex. For DSCH, five bits (=32 different code assignments) are used. For HS-DSCH, the number of code assignments could probably be less, as the HS-DSCH TTI is shorter. At least, five bits should be sufficient to signal the HS-DSCH code assignment. 
In principle the code assignment should be carried on the shared control channel, assuming that a shared control channel is used for HS-DSCH-related downlink signaling (Alt #2 or Alt #3). However, if only the associated DPCH is transmitted prior to the data on HS-DSCH (Alt #3a), there may be a need to transmit a limited part of the code assignment on the associated DPCH, see [5]. However, if possible, such a solution should be avoided as it imposes otherwise unnecessary restrictions on the code assignment.

Transport format

The transport format includes the modulation/coding scheme used for HS-DSCH in a given HS-DSCH TTI. The transport format should be signaled as TFCI, preferably on the shared control channel if such should be used (Alt #2 or Alt #3). A maximum of 4 different MCS may be sufficient, requiring 2 bits of information per HS-DSCH TTI. 3 bits of information, i.e. 8 different MCS, would definitely be sufficient. Note that, similar to code assignment, this is the set of MCS set-up by means of RRC signaling at HS-DSCH configuration. 

. 
HS-DSCH Power offset
It has been pointed out that a power reference is needed for proper detection/decoding in case of higher-order modulation (16QAM and 64QAM). One proposal is to signal the power offset between HS-DSCH and Primary CPICH. However, in case the HS-DSCH is not broadcast over the entire cell, the transmit-power offset between HS-DSCH and Primary CPICH, may not accurately reflect the power offset between the same channels at the receiver. Thus, there could instead be a need to signal the offset between the HS-DSCH and the shared control channel or between the HS-DSCH and the associated DPCH. The required number of bits, i.e. the accuracy of this signaling needs further studies. 
The reliability of the information for code assignment, transport format, and downlink power offset is medium. Erroneous reception of this information will result in lost packets, Hybrid-ARQ retransmissions, and thus gradual loss of HS-DSCH throughput. However, it will typically not impact higher layers such as RLC.
Power offset for uplink control channel

This power offset should vary very slowly. Thus this does not be signaled on a TTI basis, but should be implemented as slow RRC signaling similar to e.g. the signaling of DPDCH/DPCCH power offset. 

3.2.
Uplink

HS-DSCH scheduling may be based on explicit uplink signaling. This uplink signaling should either be an direct report of the estimated downlink quality, e.g. CPICH SIR, or a “recommended MCS”. It should typically by transmitted with a rate once-per-TTI or similar. In case of recommended MCS, the number of bits is given by the number of possible MCS ((3 bits). In case if explicit channel quality reports, more bits may be needed. However, it is assumed that 3 bits of signaling is sufficient.

Alternatively, downlink scheduling could primarily be based on the transmit power of the associated downlink DPCH, i.e. implicitly on the uplink TPC commands, in which case explicit reporting of downlink channel quality could be implemented as slow RRC signaling, 

The uplink signaling related to HS-DSCH scheduling should be designed in such a way that errors can be detected, but not necessarily corrected, with a high probability. An erroneous report can then simply be discarded by the Node B scheduler.

4.
Conclusion

The proposal have been made as number of values and not as bits. The reason for this is that in the end some of these signaled values are dependent on each other and then the number of transferred information bits is not the same as the total number of combinations.

Signaling requirements for sync-sync H-ARQ

Type of signaling
Proposed Number of values
Reliability on the bits
Carried on channel
Comment

Downlink





Block number
4 (2 bits)
High
Shared control channel


Uplink





H-ARQ ACK
2 (1 bit)
High
“DPCCHARQ”


Total number of "bits" in downlink is 2. Total number of "bits" in the uplink is 1. Additional number of downlink bits needed for in-sequence delivery from MAC-HS-DSCH?

Signaling requirement for Aync-sync H-ARQ

Type of signaling
Proposed Number of values
Reliability on the bits
Carried on channel
Comment

Downlink





Channel process number
(8 (3 bits)
High
Shared Control channel


Block number
4 (2 bits)
High
Shared control channel


Uplink





H-ARQ ACK
2 (1 bit)
High
DPCCHARQ”


Total number of "bits" in downlink is 4 (2+2). Total number of "bits" in the uplink is 1. Additional number of downlink bits needed for in-sequence delivery from MAC-HS-DSCH?

Signaling requirements for async-async H-ARQ

Type of signaling
Proposed Number of values
Reliability on the bits
Carried on channel
Comment

Downlink





Sequence number
32 (5 bits)
High
Shared control channel


Uplink





Sequence number
32 (5 bits)
Medium
“DPCCHARQ”


status message indicator
2 (1 bit)
Medium
“DPCCHARQ”


Total number of "bits" in downlink is 5. Total number of bits in the uplink is 6 (5+1).

Signaling requirement for physical HS-DSCH

Type of signaling
Proposed Number of values
Reliability on the bits
Carried on channel
Comment

Downlink





“UE indication”
1 or 256 (8 bits)?
High
DPCH or shared control channel


Code assignment
32 (5 bits)
Medium
Shared control channel?


MCS
8 (3 bits)
Medium
Shared control channel


Power offset
?
Medium
Shared control channel


Uplink





Radio link measurements
0 or 8 (3 bits)
Medium
DPCCH


5. Proposal

The proposal is to include the conclusions from section 4 into [1].
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