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1 Introduction
During the last couple of years we have observed the following trends:

· UE capabilities and processing power have increased considerably. This is driven both by the development of the long-term evolution (LTE) supporting significant peak data rates and the evolution of multi-carrier transmission techniques within WCDMA/HSPA.

· Main-remote network architectures in which multiple cells located at different physical locations share baseband unit are becoming increasingly popular. This allows for tighter coordination between different cells. 

· The user demand for high peak data rates and operators’ desire to manage their wireless resources efficiently continue to increase. These are consequences of that operators have started to use WCDMA/HSPA technology for offering mobile broadband services. 

Together these observations have triggered discussions in 3GPP on standardizing support for multi-point transmissions and (advanced) multi-antenna multi-user scheduling techniques. The techniques discussed during 2010 related to multi-point transmissions include:

1. Switched transmit diversity techniques (e.g., HS-DDTx [1] or switching based Node-B aggregation [2]): This class of techniques is based on that transmissions from different cells are coordinated so that the inter-cell interference is minimized; thereby a soft/virtual reuse factor is introduced.
2. Multi-flow transmission techniques (e.g. SF-DC-HSDPA [3]): This class of techniques is based on that several, independent data streams are transmitted to the same UE from different sectors possibly belonging to different sites. The gains associated with this class stems from spatial resource pooling and it is (as shown later in this paper) mainly useful for increasing cell-edge performance.
3. Single frequency network transmissions (e.g. HS-SFN [1]): This technique is based on that multiple cells simultaneously transmit identical data to the same UE. Similarly to multi-flow transmission techniques this will improve the downlink coverage. 
Even though the techniques described above are of slightly different flavour, all of them rely on the same fundamental principle; namely resource pooling. Resource pooling is also the idea on which multi-carrier operation is based and by now it is commonly known that benefit of pooling resources is that the probability of having unused resources in the system reduces. Hence, we would expect that the multi-point transmission techniques presented above are useful in settings where the average number of active users is on par with the number of cells (if there are not any free resources there is obviously no gain from pooling them).
 

During 2010 there was also some discussion related to multi-user multi-antenna transmission techniques; see e.g. [6] and [7]. Multi-user, multi-antenna transmission techniques have received considerable attention within the long term evolution (LTE) - both in the context of intra-cell, intra-site, and inter-site scheduling. The downlink coordinated multi-point transmission (CoMP) studies within LTE have focused on heavily loaded systems where it in general has been between 2-10 active users per cell. For these loads, downlink inter-site CoMP techniques have been shown to provide significant gains as compared to intra-site and intra-cell multi-user MIMO scheduling techniques in ideal settings. However, when more realistic settings are considered (imperfections in channel estimation, quantization effects in CQI feedback, feedback delays, etc.) the gains associated with inter-site scheduling techniques reduced significantly [4].

In this contribution we discuss the gains and the impact associated with the multi-point transmission techniques that have been discussed for HSDPA during 2010.

2 Multi-point transmission techniques
By now the gains from multi-carrier operation are now well understood within 3GPP community. As indicated in the introduction of the paper, multi-carrier operation is based on the principle of resource pooling and more specifically (see e.g. [8] for further motivation) pooling N carriers will result in an N-fold increase in both the peak and average user data rate as compared to when only load balancing amongst the carriers is employed. 

In urban areas where the network is capacity-limited and where several carriers consequently have been deployed multi-carrier operation is a straightforward expansion strategy for increasing the user data rates and the resource utilization efficiency. However, in areas where only one carrier is available for data transmissions other techniques have to be considered. One possible approach would be to allow simultaneous data transmissions from multiple cells operating on the same frequency. This solution would be particularly interesting if the architecture for multi-carrier UEs could be reused since this would be associated with the following benefits for mobile operators: 
1. Multi-point transmission techniques would allow that multi-carrier capable UEs obtain higher data rates in areas where the UE supports reception on more carriers than what have been deployed. As multi-point transmission techniques allow that multi-carrier UEs are served faster, also legacy UEs would experience improved performance. 

2. Multi-point transmissions techniques would provide mobile operators with even stronger incentives for introducing multi-carrier HSDPA. This is because: 

a. The geographical footprint where multi-carrier UEs can achieve a performance improvement increases.

b. Multi-carrier HSDPA can be introduced in a gradual and flexible manner (since a mobile operator can start by initially deploying multi-point transmission techniques and then eventually migrate to multi-carrier when needed).

2.1.1 Supported configurations 

The existing contributions [1]

 REF _Ref275780983 \r \h 
[2]

 REF _Ref275853068 \r \h 
[3] have been limited to introducing Rel-8 DC-HSDPA operation on a single carrier. This concept could however be extended to also cover other releases’ multi-carrier feature. For example

· DC-HSDPA with MIMO (Rel-9) can be introduced on a single carrier if transmissions from two cells are supported simultaneously. 

· 4C-HSDPA with MIMO can either be introduced on a single carrier if transmissions from 3 or 4 cells are supported simultaneously or on two carriers if transmissions from 2 cells are supported simultaneously. 

In order to prioritize between these configurations in Rel-11, it is important to understand in what time-frame and to what extent mobile operators will deploy DC-HSDPA, DC-HSDPA with MIMO and 4C-HSDPA with MIMO. A reasonable starting for Rel-11 could be to target Rel-8 DC-HSDPA.
3 Performance analysis of multi-point transmission techniques 
This section provides a rudimentary analysis of the link level gains that be achieved with SF-DC-HSDPA and HS-SFN. The objective with the analysis is to understand how sensitive the gains are with respect to geometry, receiver structures, etc. and even though the analysis is limited to a single link and relies on the (modified) Shannon bound we believe that it provides insights into what gains that can be expected in more practical scenarios. In general, the conclusion from the analysis suggests that SF-DC-HSDPA and HS-SFN mainly have the potential to increase cell-edge UE performance. These conclusions are similar to those reported in [2]-[3] which have been performed by means of system level simulation experiments. 

A schematic illustration of the considered setting is shown in Figure 1 below. 


[image: image1]
Figure 1: Illustration of the setting considered in the link level analysis. Here P1 and P2 describe the received power associated with the two cells.
3.1 Modelling assumptions
3.1.1 Single HS-DSCH cell transmission

As a reference case we consider the scenario where a UE only receives data from its serving HS-DSCH cell (and where the no transmissions take place from secondary serving HS-DSCH cell).
 In this case the signal to interference plus noise ratio (SIR) at the UE is given as
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Here 
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 describes the performance of equalizer ( equal to zero corresponds to an ideal equalizer) and  models the gain that can be achieved from 2-way Rx diversity. Moreover, 
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 denotes the signal power of the desired signal transmitted from the serving HS-DSCH cell and 
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 is the remaining interference level measured by the UE (note that this is assumed to be white). The capacity of the link is modelled by means of the modified Shannon bound, i.e.
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where 
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 is a spectral efficiency coefficient and 
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is an offset factor (SIR-gap) that describes the difference between information theoretic and practical results. In these evaluations 
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3.1.2 SF-DC-HSDPA operation

In case SF-DC-HSDPA transmissions is employed, the SIR(s) associated with the two streams can be expressed as
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and 
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(4),

respectively. Here 
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 describes the proportion of the coloured interference that a UE can suppress with an interference suppressing receiver structure using two Rx antennas. Note that  is 1 for the case where a UE is equipped with one Rx antenna only. 

The capacity of the link associated with SF-DC-HSDPA can be written as
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3.1.3 HS-SFN operation
In this case, identical data is transmitted from both cells and the SIR can be expressed as 


[image: image15.wmf](

)

(

)

0

2

1

2

1

I

P

P

P

P

tot

+

+

+

=

G

a

j







(5).

The capacity of the composite link thus becomes 
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3.2 Numerical examples

3.2.1 Performance with a single UE Rx antenna ()
Figure 2 and Figure 3 depict the relative performance gain (as compared to reference case described in section 3.1.1) that can be achieved by SF-DC-HSDPA and SF-HSN operation as a function of P1/I0 when a single Rx antenna is used at the UE. Here P1 denotes the received power associated with the serving HS-DSCH cell and I0 is the total interference measured by the UE (P2 is excluded in case the SF-DC-HSDPA and HS-SFN transmissions). Different P1/P2 ratios and orthogonality factors are also considered. From the figures one can observe:

· The performance gains are fairly insensitive with respect to orthogonality factor  (the performance of the equalizer and channel type).

· The gains from SF-DC-HSDPA operation are mainly observed at low geometries, i.e. for cell-edge UEs. 

Hence, we can conclude that SF-DC-HSDPA and HS-SFN mainly are useful for improving the coverage. Another observation that can be made from Figure 2 is that is that SF-DC-HSDPA actually performs worse than the reference case for high P1/I0 values. This is an effect of that the performance degradation due to the increased interference level outweighs the benefit of receiving multiple independent data streams.
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Figure 2: Link level capacity gain from SF-DC-HSDPA operation as a function of P1/I0 for varying orthogonality factors when a single Rx antenna is used. Note that P1/I0 denotes to ratio between received power from the serving HS-DSCH cell and the (white) interference received from the cells (excluding the interference generated by the secondary serving HS-DSCH cell).
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Figure 3: Link level capacity gain from HS-SFN operation as a function of P1/I0 for varying orthogonality factors when a single Rx antenna is used.
3.2.2 Performance with two Rx antennas ()
Figure 4 and Figure 5 illustrate the relative gain (as compared to reference case described in section 3.1.1) that can be achieved with SF-DC-HSDPA and HS-SFN operation as a function of P1/I0 when an interference suppressing receiving structure with two Rx antennas are employed. Note that is equal to 2 and that is assumed to be 0.14. From Figure 4 it is evident that the link level gain from SF-DC-HSDPA increases with the UE’s ability to suppress interference. More interesting perhaps is that gain seems to be more strongly dependent on the relative ratio between the received powers (i.e. P1/P2). 
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Figure 4: Link level capacity gain from SF-DC-HSDPA operation as a function of P1/I0 for varying  when a 2 Rx antenna Type 3i receiver structure is used.
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Figure 5: Link level capacity gain from HS-SFN operation as a function of P1/Io for varying orthogonality factors  when two Rx antennas are employed at the UE.
Figure 2 to Figure 5 show the performance gains for a given P1/I0 value. In order to provide some intuition on which P1/I0 values one could expect in a system Figure 6 presents the cumulative distribution function (CDF) of the variable P1/I0 for scenarios where the inter-site distance is 500 m and the antenna downtilt is 10 degrees.
 From Figure 6 we can observe that the median P1/I0 values range between 6 and 13 dB depending on the system load.
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Figure 6: CDF statistics of the P1/I0. These have been achieved by means of system simulations in a situation where the intersite distance is 500 m and the downtilt is 10 degrees (5 degrees mechanical and 5 degrees electrical).
3.2.3 Frequency of soft and softer handover

While Figure 2 to Figure 5 offers insights into the magnitude of the gains that can be achieved for UEs in soft and/or softer handover they do not provide any insights into how frequently UEs are in soft and softer handover, respectively.
In general this is sensitive to the network deployment. Aspects that will impact the fraction of soft and softer handover includes whether the antennas have been mounted above or below rooftop, the applied downtilt, etc.  
To illustrate the dependency on the antenna downtilt Table 1 presents the fraction of UEs in soft and softer handover for a case where 2D and 3D antennas are modelled at the Node-B. These results have been collected via system simulations (standard 3GPP assumption with an intersite distance of 500m and antenna downtilt of 10 degrees). From the table we can observe that the fraction of UEs that are in soft and softer handover is reduced somewhat when antenna downtilt is accounted for. 

Table 1: Summary of the percentage of UEs in soft and softer handover observed in system simulations. 
	
	Softer handover
	Soft handover

	2-D antennas
	11
	35

	3-D antennas 
	5
	18


As a complement to these numbers we also refer to [5] where some measurements from real network deployments have been presented. Compared with the results presented in Table 1 the main conclusions from that paper are:

· The values were somewhere in between the ones reported in Table 1. 
· The probability of having a UE in soft and softer handover varies significantly amongst different network deployments

· Even within a single network the probability of being in soft handover varies significantly between different cells.
Based on the analysis presented in the previous sections it is evident that both SF-DC-HSDPA and HS-SFN can be used for increasing the cell-edge user data rates. Although we would expect that the gains achieved in system simulations would be smaller than reported here (since multi-point transmission techniques would cause increased inter-cell interference levels) we still believe that the gains may be non-trivial. The extent to which the increased cell edge data rates also would lead to higher supported cell throughput will be dependent on the network architecture (i.e. fraction of UEs that are in soft/softer handover). Irrespectively we note that multi-point transmissions techniques for certain network deployments (e.g. where main-remote solutions are used and the cell isolation is moderate) if the impact to networks and/or UEs can be limited.
4 Impact on specifications 

This section discusses the specification impact of introducing multi-point transmissions. Both HS-SFN and SF-DC-HSDPA are addressed. Note also that we distinguish between the different working groups and between the intra and inter-site scenarios.

4.1 RAN1 impact

4.1.1 HS-DPCCH transmissions
With respect to HS-DPCCH transmissions we believe that the following questions should be addressed:
1. How can the HS-DPCCH quality be ensured?
2. Are any modifications for the existing HARQ-ACK codebooks needed or can they be reused?

3. Can the existing CQI reporting schemes be reused?

Regarding the first of these questions we notice that the intra-site or main-remote cases where the cells share the same baseband unit (which therefore can be time-aligned) are similar to existing multi-carrier features. This is because HS-DPCCH only needs to be received by the serving HS-DSCH cell.
For the inter-site case the HS-DPCCH needs to be decoded by all Node-Bs wherefrom downlink transmissions occur. This puts requirements on both the HS-DPCCH and DPCCH quality as measured by the Node-Bs. Since the inner loop power control (ILPC) relies on the XOR-rule and the DPCCH transmit power control commands only power control the F-DPCH from the serving HS-DSCH cell, the DPCCH SIR for UEs in SHO will (asymptotically) meet the SIR target at one of the Node-Bs in the active set only. Hence it is not obvious that a sufficient HS-DPCCH quality can be fulfilled at all Node-Bs. Although the problem of ensuring an adequate HS-DPCCH quality for SHO UEs already exist in legacy operation the impact of an inferior HS-DPCCH SIR level will become more severe when multi-point transmission techniques are employed.
,
 For example, if the involved Node-Bs does not have the same view with respect whether a (previous) downlink transmission was successfully received by the UE the HS-SFN technique may actually degrade performance. (This is because if one of Node-Bs did not detect the ACK it will retransmit the HS-DSCH packet. If the other Node-B, at the same time, detected an ACK it will transmit a new HS-DSCH packet.)
For the second question, i.e. whether the HARQ-ACK codebooks can be reused we note that as long as the multi-point transmission is confined to the intra-site scenario (or main-remote solutions where all involved cells share baseband unit) the HARQ-ACK and CQI information associated with all cells is available to the scheduler. Hence, all of the principles used in Rel-8 to Rel-10 for, e.g., HARQ-ACK reception can be reused.
For inter-site SF-DC-HSDPA the cells will neither be time-aligned nor aware of the others cells’ existence. One problem with the inter-site setting is that the HARQ-ACK codebooks of Rel-9 and Rel-10 (and the corresponding power offsets) have been designed based on the assumption that the serving Node-B has knowledge about the number of transport blocks that was scheduled.
 For inter-site SF-DC-HSDPA this assumption is no longer valid. Hence the related performance degradation therefore needs to be evaluated. For the HS-SFN technique, we also notice that the schedulers at the different sites need to be coordinated in such a way that they, at all times, take the same decision (e.g., with respect to the TFRC).
Last, we turn our attention to the third question related to HS-DPCCH, i.e. whether the existing CQI reports can be reused. This topic was addressed to some extent in [1]. In our view the SF-DC-HSDPA can reuse the existing functionality for CQI transmissions; both for the intra and inter-site case. For HS-SFN technique, the scheduler can combine the CQI in case of intra-site transmissions. However, for the inter-site case it is unclear how the schedulers controlling the two cells can select a transport format so that the entire link capacity is exploited (since the suitable transport format depends on whether or not both cells transmit data to the particular UE in a given TTI which furthermore will depend on the load in each of the cells).
4.1.2 HS-SCCH transmissions
With respect to HS-SCCH transmissions, one topic that could be considered for SF-DC-HSDPA as well as HS-SFN is how the transmissions of HS-SCCH should be designed. More specifically, HS-SCCH could either be transmitted from each of the individual cells (as in legacy operations) or from the serving HS-DSCH cell only. The latter alternative could potentially be beneficial because the path gain associated with the serving HS-DSCH cell is likely stronger than the path gain associated with the non-serving HS-DSCH cell.
 It should however be noted that this approach only would be feasible for the intra Node-B case.
4.1.3 HS-SCCH orders for SF-DC-HSDPA
Another topic related to HS-SCCH that would need to be considered for SF-DC-HSDPA is the applicability of HS-SCCH orders. As for most of the issues mentioned above intra-site operation allows a design that relies on the existing principles. In other words, HS-SCCH orders can still be used for dynamically (de)activation of carriers. This can, as mentioned previously, be useful both for ensuring a sufficient HS-DPCCH coverage and as a means to reduce the UE battery consumption. 
For inter-site multi-point SF-DC-HSDPA HS-SCCH orders may be difficult to support since schedulers at the different sites are unaware of each other. To exemplify, one basic strategy for activating and deactivating the secondary serving HS-DSCH cell(s) would be based on the buffer status in the Node-B. However, for inter-site scenarios data inactivity at one Node-B could potentially be a consequence of that the Iub flow control has scheduled too many packets to the secondary serving HS-DSCH cell (located at another site). While one possible solution to this problem would be to only allow that HS-SCCH deactivation orders are transmitted from the secondary serving HS-DSCH cell (for the context of SF-DC-HSDPA) this would result in that the serving HS-DSCH would have to detect that a change in HS-DPCCH format has occurred blindly since it will not be aware of that any HS-SCCH order has been transmitted.
 Also for both HS-SCCH activation and deactivation orders the serving RNC would need to be informed.
 
For the reasons mentioned above we conclude that that it is questionable whether HS-SCCH orders can be used in combination with inter-site multi-point transmission schemes. Hence, we would expect that the S-RNC need to be responsible for activating and deactivating secondary serving HS-DSCH cells by means of existing (and potentially new) events.
4.2 RAN2 impact

As outlined in [1]

 REF _Ref275780983 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref275853068 \r \h 
 \* MERGEFORMAT [3] the anticipated RAN2 impact depends on the multi-point transmission technique as well as whether intra or inter-site transmission are considered. For HS-SFN we note that [1] argued that there would be minor impact in case of intra-site transmission. In general we agree with conclusion. We also note that a detailed analysis of the impact of HS-SFN for the inter-site case has not been performed yet. However, as mentioned repeatedly in the previous sections we would expect that HS-SFN would require a very tight coordination between the involved schedulers (since all involved schedulers need to have the same view at all times and the scheduler in one Node-B needs to be aware of whether or not the other Node-B will transmit a packet to the particular UE when selecting TRFC). 

Also for SF-DC-HSDPA, intra-site transmissions (or sites from different cells sharing the same baseband unit) will only require minor modifications to L2/L3 protocols. However, for the inter-site case several RAN2 aspects need to be further investigated. These include:
· Inter-site transmissions will require two MAC-hs/ehs entities at the UE (one for the primary and one for the secondary serving cell). Here we notice that this may result in some additional UE complexity. We also notice that this is a difference between existing multi-carrier UEs and multi-carrier UEs suitable also for inter-site SF-DC-HSDPA.  

· In the inter-site case the MAC-ehs schedulers may have to exchange information with each others on the UE served throughput, e.g., in order to avoid RLC window stalling at the UE RLC receiver. As noted in [2] information of the achieved throughput for the two cells needs to be signaled via Iub. Before concluding that this is sufficient some additional analysis with respect to, e.g., how frequently and how fast the schedulers need to exchange information would be required. 

· Also there will be impact on the existing RLC protocol. The impact was described in [2]-[3]. In our view, the magnitude of this impact is still unclear and it needs to further addressed (for realistic settings) before it can be concluded that the proposed mechanism are sufficient.

· The impact on mobility has not been fully addressed. Some initial analysis was however provided in [1]. 

4.3 RAN3 impact

This section discusses the RAN3 aspects. Focus in this section is devoted to SF-DC-HSDPA.
4.3.1 Cell capability handling

For both inter and intra-site SF-DC-HSDPA the capability to support SF-DC-HSDPA need to be indicated to the S-RNC using normal cell capability mechanism in NBAP and RNSAP.

Moreover the S-RNC would need some additional information for the cells that are indicated to serve as possible secondary HS-DSCH cell(s) in combination with the serving HS-DSCH cell. For example, supported type of relation, possible limitations, and other cell related information, etc. 
4.3.2 Radio Link Handling

For the intra-site case, where the serving HS-DSCH and secondary serving HS-DSCH radio links on the same frequency are established towards the same Node-B the existing Rel-8 to Rel-10 multi-carrier radio link handling can be reused as it is independent of the frequency and cell type (i.e. in the same or different sector). Note that this is valid for both the intra-site and main-remote solutions. There may be a need to define some information elements per cell that are defined as common information elements in Rel-8 to Rel-10 in NBAP and RNSAP.

For the inter-site case, if the serving HS-DSCH and secondary serving HS-DSCH radio links on the same frequency are established towards different Node-B(s) the radio link handling structure in Rel-8 to Rel-10 multi-carrier is changed. Support for a Node-B with only a secondary serving HS-DSCH radio link and no serving HS-DSCH radio link have to be included. This will require that the existing structure for signalling information about the secondary serving HS-DSCH radio link is redone. Furthermore, the handling of common information elements in Rel-8 to Rel-10 would have to be changed to support secondary serving HS-DSCH in a Node B without a serving HS-DSCH radio link.

4.3.3 Iub/Iur user plane

When the serving HS-DSCH and secondary serving HS-DSCH radio links on the same frequency are established towards the same Node-B the existing Rel-8 to Rel-10 Iub/Iur user plane protocol can remain unchanged.

If the serving HS-DSCH and secondary serving HS-DSCH radio links on the same frequency are established towards different Node-Bs the priority queue handling has to be considered. In Rel-8 to Rel-10 only one entity of each priority queue exists in S-RNC, Node B and UE. For inter-site SF-DC-HSDPA a priority queue will have the entity in the Node B distributed to the two Node-B(s). It is unclear if the priority queue concept in Rel-8 to Rel-10 can be reused when the one-to-one relationship between priority queues in S-RNC, Node-B and UE is broken or if a new priority queue concept has to be introduced. Yet another issue to consider for the inter-site scenario is the HS-DSCH capacity allocation. In Rel-8 to Rel-10 the MAC-d frames are sent via one Iub flow, controlled with one flow control loop. With two Node-Bs, the MAC-d frames will be sent via two Iub flows with two independent flow control loops.
4.4 RAN4 impact

The impact on RAN4 requirements would depend upon the specific scheme:
· In case of switched transmit diversity techniques the UE performance requirements (i.e. demodulation and CQI reporting) may have to be specified in a scenario where the transmission is switched between cells over time. 
· In case of multi-flow transmission techniques, the UE performance requirements will be required to ensure that the UE is capable of demodulating transmissions from different cells over the same carrier frequency. 

· In case of single frequency network transmissions, the UE performance requirements will be required to verify that UE is capable of combining transmissions from different cells over the same carrier frequency. 
For both SF-DC-HSDPA and HS-SFN techniques, RAN4 will also have to specify CQI reporting requirements for CQI reporting from different cells. 

Depending upon the outcome of RAN1 agreements with respect to the channel structure, RAN4 may have to specify the base station demodulation requirements for HS-DPCCH. There might also be impact on the base station RF transmitter requirements (e.g. time alignment error), which RAN4 has to assess and specify if necessary. This is especially true for the inter-site scenarios. 
5 Conclusions
In this contribution we discussed the downlink multi-point transmission schemes that have proposed for HSDPA during 2010. Common for all of the analyzed techniques are that they are designed to make use of unused network resource by pooling resource (“spatial trunking”). Hence, the analyzed techniques are primary suitable in scenarios where the number of active users (i.e. users for which data is ready to be scheduled at the Node-B(s)) is smaller or on par with the number of cells. In our view multi-point transmission techniques could be a valuable technology component for operators because: 

· It can increase the downlink coverage in areas where multi-carrier transmission is not yet deployed, and 

· It may increase the return on multi-carrier investments. 

A rudimentary link level analysis of the discussed multi-point transmission techniques showed that SF-DC-HSDPA and HS-SFN mainly are useful for improving the performance for cell-edge users experiencing low geometries. This is in line with the conclusions provided in contributions presented by other companies.  
In the contribution we also discussed the impact that multi-point transmission techniques would have to the specifications and existing networks. For this purpose we distinguished both between intra-site and inter-site multi-point transmission techniques and between HS-SFN and SF-DC-HSDPA. For the intra-site case, in which all involved cells shared baseband unit (and therefore can achieve time-alignment between the cells) and furthermore can be seen as one common site from the perspective from the RNC the discussed techniques could be implemented with limited impact. This conclusion holds for both HS-SFN and SF-DC-HSDPA. Note also that main-remote scenarios are included into this case. 
For the case where the downlink transmissions take place from different sites would, compared to the intra-site case, have significantly larger impact. Examples of problems specific for inter-site multi-point transmissions include:  

· RNC impact: The impact on the RLC protocol and Iub flow control (since the data now is split at the RNC, 

· Node-B impact: The impact on HS-DPCCH (for example it is not obvious that the same HARQ-ACK code book as used in Rel-9 and Rel-10 can be reused), 

· UE impact: The potential impact on the UE architecture of not having time-aligned downlink transmissions (e.g., HS-DPCCH timing), different source (e.g., Doppler estimations), multiple MAC-ehs entities, modified equalizer design (for HS-SFN). 

These along and other issues would have to be addressed further before it is possible to conclude that inter-site multi-point SF-DC-HSDPA and HS-SFN transmission techniques are feasible in practical settings.
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� By active user we refer to a user which has data available that can be scheduled by the Node-B(s). 


� If the multi-antenna multi-cell techniques discussed for LTE and WCDMA/HSPA are compared with each other one observation is that the techniques studied within LTE target settings where there is a high number of UEs per cell. Most of the techniques that have been discussed for WCDMA/HSPA have instead targeted scenarios where the number of UEs is on par with the number of cells. 


� It should however be highlighted the reasoning above is based on that the multi-carrier UE architecture can be heavily reused.


� The exact reasoning applies to HS-SFN.


� This is because multi-cell transmission techniques mainly are interesting in these scenarios.


� Note that this would correspond to an urban scenario. 


� Several methods whereby the HS-DPCCH at the serving HS-DSCH cell can be increased already exist. In addition to simply transmit HS-DPCCH with higher power offset one could also envision proprietary solutions whereby, e.g., the SIR target used by the inner loop power control is dynamically adapted based on the measured HS-DPCCH quality.


� Another reason for why an adequate HS-DPCCH quality at both Node-Bs is because the transmit power control of the common downlink channels may be based on the HS-DPCCH. (Although not specified in 3GPP).


� By using this design, the Hamming distance and detection performance could be improved. 


� Note that this is in contrast to the case of Rel-8 to Rel-10 MC-HSDPA where one, in general, could expect that the downlink quality of all serving HS-DSCH


� One may also notice that HS-SCCH activation orders always would have to be transmitted from the serving HS-DSCH cell.


� It is straightforward to continue to mention potential problems related to HS-SCCH ordered (de)activation for the inter-site case. One such example would be interaction of DC-HSUPA and 4C-HSDPA, when applied to 2 downlink carriers and the secondary uplink frequency is deactivated. 
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