3GPP TSG RAN WG1 Meeting #58bis
R1-094055
Miyazaki, Japan, 12th-16th October, 2009

Agenda Item:
5.4
Source:
Ericsson
Title:
Design considerations for 4-carrier HSDPA
Document for:
Discussion 
1 Introduction
RAN WG1 has already studied the performance, feasibility and complexity aspects of 3-4 carriers HSDPA extensively. A summary of the reported findings has been presented in [2]. Therein it was concluded that:

· The supported peak data rate increases linearly with the number of downlink carriers that can be allocated for the transmissions to a particular UE.

· For environments where both the gains arising from the aggregation of multiple carriers (MC-HSDPA) and MIMO manifest themselves, both these gains will be captured by the combination of MC-HSDPA and MIMO.

· The use of MC-HSDPA on two separate frequency bands would give similar benefits as if all carriers were adjacent.

At RAN#45 a way forward for 3-4 carriers HSPA was agreed [1]. Therein following proposals were listed

Four-carrier HSDPA operation was also discussed in the work item proposal presented in [3]. There it was mentioned that the work should target the following scenarios:


This contribution presents some initial considerations with respect to 4-carrier HSDPA.
2 Initial design consideration for 3-4 HSDPA
This section outlines a few design considerations for the 4-carrier HSDPA operation. In our view 4-carrier HSDPA operation should be viewed as an additional component to the already existing multi-carrier features that have been standardized in Rel-8 and Rel-9. Thus RAN1 should where possible ensure that inter-operability is maintained with the already standardized Rel-8 and Rel-9 features and reuse is encouraged.
2.1 Supported configurations in Rel-8 and Rel-9

During Rel-9 the combination of DC-HSDPA and MIMO (with two transmit and two receiving antennas) has been specified. This allows mobile operators to support a theoretical peak data rate of 84Mbps. By introducing support of MC-HSDPA and MIMO the supported peak rate as well as cell throughput can roughly be doubled [2].

During Rel-9, Dual-Cell HSUPA has also been specified. Both during the study item phase and during the actual work item several companies showed that it is beneficial if coverage-limited UEs transmit on a single uplink carrier. This could for example be achieved by deactivating the secondary uplink carrier for those UEs.

2.2 Supported configurations for MC-HSDPA
Considering the discussion presented above it is clear that also when the UE is configured in DC-HSUPA it will under certain conditions only transmit on the primary uplink frequency. Hence, we believe that the design chosen for four-carrier HSDPA should be able to cope with situations in which the UE only has a single, activated uplink frequency. 
As proposed in [3] we furthermore believe that it is reasonable that the work in a potential work item is restricted to situations where all the downlink carriers belong to the same Node-B. This would be in alignment with both the Rel-8 and the Rel-9 work items.

However, with respect to the targeted four-carrier HSDPA configurations there are several questions that are relevant for RAN1 to discuss. These include:
· Should the activated primary uplink carrier always be paired with a downlink carrier? In Rel-8 and Rel-9 it has been assumed that the primary downlink carrier always is paired with a (primary) uplink carrier.
· Should MC-HSDPA only be supported in combination with DC-HSUPA? We do not believe such a restriction would simplify the RAN1 design. This is because DC-HSUPA capable UEs occasionally will need to have a single uplink carrier activated (in order to maintain coverage). Thus, we believe that it should be possible to have 4-carrier HSDPA also in contexts where there is a single uplink carrier available for uplink transmissions.
· Should MIMO be configured on a per-carrier, per-band or common for all downlink carriers? In Rel-9 it is possible to configure MIMO per carrier. Maintaining this principle would result in that it is possible to configure MIMO on a per-carrier basis. 

· Should the activated downlink carriers (alternatively configured carriers) in a band be adjacent? With respect to this question we would like to highlight that if it is required that all active downlink carriers in a band are adjacent this will limit the flexibility in bands that have more than two carriers (see Figure 1). If also the (primary) uplink frequency needs to be paired with the primary downlink carrier the flexibility will be reduced further. Note also that the decision regarding whether non-adjacent allocations are allowed will impact the design of, e.g.,  HS-SCCH orders.

[image: image1]
Figure 1: Illustration of the restriction associated with requiring that all active downlink carriers are adjacent.
Aside from these RAN1 related issues there are also some issues that are relevant for both RAN1 and RAN4. These include:
· Which combinations {X,Y} should be supported? (Here X denotes the number of carriers in band 1 while Y denotes the number of carriers in band 2)

· Should the combinations {X,Y} be the same for all band combinations or should it depend on, e.g., whether the two carriers are associated with different coverage?
Another question, which is relevant for both RAN1 and RAN2 is:
- 
Which new UE categories should be introduced? Particularly, we should consider whether it – besides UE categories supporting the maximum peak data rate – is motivated to introduce UE categories with peak rate restrictions. Introducing such UE categories would be in line with the approach taken in Rel-8, and Rel-9.

2.3 Channel structure

In both Rel-8 and Rel-9 each downlink carrier is mapped into one HS-DSCH transport channel. Each of these HS-DSCH transport channels should comply with the existing specifications for SC-HSDPA and SC-HSDPA together with MIMO. Each downlink carrier should furthermore transmit their own HS-SCCH. This would be in line with Rel-8 and Rel-9 and it would allow separate scheduling between the different downlink carriers. For DC-HSDPA the number of HS-SCCHs that the UE should be able to decode is 6. Following the same approach would require that the UE is capable of decoding 10 HS-SCCHs for 4-carrier HSDPA. This approach would ensure a minimum impact on the existing RAN1 specifications. The need for potential modifications to the uplink feedback channel (HS-DPCCH) is discussed in section 2.5.
2.4 Activation of the secondary downlink carriers
As for Rel-8 and Rel-9, deactivation of secondary downlink carriers (note that the term ‘secondary’ here is used to refer to all downlink carriers that can be deactivated) and DRX are primary beneficial as a means to reduce battery consumption. For MC-HSDPA the inactivity patterns associated with the downlink carriers are highly correlated; particularly if a joint scheduling mode is used. This is simply a consequence of that if there does not exist any data to transmit on one of the downlink carriers the probability that there is data to transfer on any of the other carrier is vanishingly small. Although this reasoning suggests that not only the DRX state but also the activation state for all secondary downlink carriers could be similar (i.e. the HS-SCCH (de)activation orders could be common for all secondary downlink carriers) we believe that there are motives of letting the HS-SCCH orders control the ‘activity state’ of the individual secondary carriers. 
One reason for this viewpoint is that DC-HSUPA is based on that each active uplink carrier has a corresponding activated downlink carrier. A consequence of this is that HS-SCCH orders which are applied to multiple (all) secondary downlink carriers would limit the use-cases in which DC-HSUPA can be operated. Thus we would prefer that HS-SCCH orders apply to specific carriers. With respect to both the coding of HS-SCCH orders for four-carrier HSDPA and the number of additional HS-SCCH orders that are needed we believe that several options exists. The suitable approach will however depend on which configurations that are allowed in 4-carrier HSDPA (e.g., whether the downlink carriers in a band need to be adjacent). With respect to the DRX we note that all of DC-HSDPA, DB-DC-HSDPA and DC-HSDPA with MIMO are based on that UE has a single DRX state machine. This design choice was based on that the activity of the downlink carriers is highly correlated. However, as we move towards additional downlink carriers we believe that there may be reasons to re-evaluate this choice, e.g., considering the fact that different carriers (bands) may be associated with different coverage. 

2.5 Feedback channel design 

This section discusses the structure of the HS-DPCCH of 4-carrier HSDPA with MIMO. The discussion is based on the assumption that it should be possible to carry the feedback information on a single uplink carrier.
For the case where 4 downlink carriers are configured together with MIMO it is necessary to support feedback for up to eight flows. At least the following options are possible: 
· Transmit the feedback using a single channelization code with SF 128.
· Transmit the feedback using one channelization for each pair of downlink carriers.

In the latter of these cases the codebook for Rel-9 could be reused. However, it should be noticed that if the Rel-9 codebooks are reused it is necessary that two HS-DPCCHs are transmitted when three or more downlink carriers are activated (and one of them is configured with MIMO). On the other hand, the Rel-9 code book may be unnecessarily inefficient in situations where three downlink carriers without MIMO are configured.
The second part of the feedback is composed of the CQI information. With respect to this we may notice that if the downlink carriers belong to different frequency bands the coherence time of the associated channel may vary. Thus, the frequency with which CQI needs to be transmitted can vary. Based on this reasoning there may be reasons for considering the possibility of specifying different feedback cycles for different downlink carriers.
3 Conclusions

In this contribution we have highlighted some initial considerations for multi-carrier HSDPA. 
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Unallowed configuration if it is required that active DL carriers are adjacent. In this case all DL carriers to the left must be activated in order for the configuration to be allowed.
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[text omitted]


Specify 3-4 cell HSDPA operation in combination with MIMO for the following scenarios:


The 3-4 carrier transmission only applies to HSDPA physical channels


The carriers belong to the same Node-B


The aggregated carriers can operate on adjacent carriers and on multiple bands. Possiblity for non adjacent carriers in the same band is not excluded but UE complexity need to be addressed as part of the activity for identifying band combinations.


Identification of which limited number of combinations (including which combinations of numbers of downlink carriers per band in the dual-band case and which carriers use MIMO) that should be targeted is part of the work item.


Identification of which combinations of numbers of uplink and downlink carriers should be targeted is part of the work item.


Functionality currently defined for DC-HSDPA in combination with MIMO, DC-HSUPA and DB-HSDPA should be reused where possible.


[text omitted]
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Agreement of the 3-4 carriers HSDPA WI is deferred to RAN#46


RAN1 can initiate studies on the RAN1 aspects of 3-4 carrier HSDPA already after RAN#45


Companies should discuss the detailed scope of the allowed components for 3-4 carriers and capture that in an updated WI sheet to be presented at RAN#46


[text omitted]








