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1 Introduction
At RAN#53, the work item of HSDPA multiflow data transmission (HSDPA MF-TX) was approved [1] aiming at realizing the cell coverage benefits proven from the multipoint transmission study [2] in the 3GPP HSPA standard.  One of identified aspects for implementing the MF-TX WI is the uplink control channel design as excerpted in the WI:
· Introduce the identified functionalities to the selected HSDPA multipoint transmission method to the relevant specifications:

a .Uplink and downlink control channel structures
b. ….
In this contribution, possible options of HS-DPCCH channel structure are analyzed and discussed for downlink multiflow data transmission. For inter-NB deployment scenario, single or dual HS-DPCCH solutions may both be considered as candidate structures for uplink control channel design.  Further efforts may still be required to evaluate the benefits and performance tradeoffs of each solution.       
2 Discussion
2.1 Release 8/9/10 DC/4C-HSDPA Baseline 
Similar to DC/4C-HSDPA multiple carrier operation introduced in Release 8/9/10, primary focus of the RAN1 design effort is envisaged to be on the uplink control channel design again for the MF-TX WI. Refresh with what have been done in specifying the HS-DPCCH control channel for DC/4C-HSDPA in the past standard releases, following outstanding design decisions are noted:
· A single HS-DPCCH channel is transmitted in an uplink radio link that carries all the feedback messages in supporting multiple downlink transmissions.

· The HS-DPCCH overall sub-frame structure with 1 slot HARQ-ACK field followed by a 2-slot PCI/CQI field is always maintained
· To increase the capacity of the control channel for 4C operation, reduced spreading factor is applied which leads to a new slot format formed by concatenating dual feedback messages.  
· ACK/NACK messages responding to various downlink transmissions are jointly coded into one codeword with newly designed ACK/NACK codebooks
· PCI/CQIs for different carriers are time multiplexed cross multiple sub-frames, except for the DC-HSDPA without MIMO case where PCI/CQIs are jointly encoded. 
· To ensure reliability of transmission, new settings of HS-DPCCH power offset are specified conditional on the carrier activation and MIMO status.  In other words, the power offset is adjusted respectively according to the amount of information carried in the message field.  
2.2 HS-SCCH design considerations for multiflow transmission 

In recent email discussions addressing defining the scope of the MF-TX work item, cases 1-4 are commonly agreed as the baseline deployment scenarios to be studied.   Depending on whether the multiple flow transmission is performed within the same Node B (case 1 or 3) or different Node-Bs (case 2 or 4), reusability of the above HS-DPCCH design decision are considered, as detailed in the following sections.
2.2.1 Intra-NodeB (case 1 and 3)
For intra-site multiflow transmission where all cells reside in the same Node B, it is an easy decision that the single HS-DPCCH structure is an adequate solution, as the feedback information, even though it is received and demodulated at one cell, can easily be passed promptly to the other cell(s) in the same Node B.  The UE physical layer is able to operate without significant changes as compared to multiple carrier operation; other than the change of operating frequency configuration. Therefore, all existing functionalities designed for uplink control of DC/4C-HSDPA may be fully reused with minor changes and the HS-SCCH specification effort is expected to be minimal for the intra-site deployment.
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Figure 1 single HS-DPCCH for intra-Node B MF-TX

2.2.2 Inter-NodeB (case 2 and 4)
2.2.2.1 Single HS-DPCCH solution

For inter-site multiflow transmission where the cells reside in different Node Bs, receiving HS-DPCCH in one Node B and communicating the feedback control information, on a one TTI basis, to another Node Bs is deemed not practical, due to the significant latency introduced and substantial impact on higher layers. Thus, a viable solution is to have the secondary serving cell to directly demodulate and decode the feedback information from the same HS-DPCCH signal that the primary serving cell receives. This HS-DPCCH reception configuration is illustrated in Figure 1 where two cells are configured in the same frequency for multiflow transmission.
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Figure 2 Single channel implementation of HS-DPCCH
If full reuse the R8/9/10 HS-DPCCH functionality, as suggested for the intra-NodeB implementation particular with the single HS-DPCCH frame structure, is possible the following impacts in RAN1 aspect may be expected:

Timing compression and ACK/NACK pairing/association
As already identified in [3], HS-PDSCH sub-frame boundaries transmitted from two cells may not be aligned due to asynchronous nature of UMTS network.  While the ACK/NACK responses may need be paired and jointly reported, timeline of transmitting the corresponding HS-DPCCH may be compressed, either at UE for ACK/NACK generation or Node-B for ACK/NACK decoding.  As an active topic discussed in the last RAN1 meeting, timing compression may require increased hardware processing capability or constrain the maximum TB size.  

Since the amount of time offset is uncertain and may be time varying (for Node-Bs having different clock sources), the UE needs know how to pair the two received data sub-frames to generate a composite ACK/NACK response. Considering the Node-B side, its HS-DPCCH decoder may also needs to know how to associate an ACK/NACK to the appropriate data sub-frame it has transmitted. A solution to the ACK/NACK pairing issue is proposed in [3], where RRC signaling is suggested to get UE and secondary cell informed about the pairing decision. To avoid additional RRC signaling overhead and to minimize specification impact to higher layers, rules for ACK/NACK pairing or association may also be defined that allow UE and Node-B to autonomously determine the pairing relation.
HS-DPCCH reception reliability at each Node-B
When uplink feedback needs to be decoded individually at each Node-B, the unequal reception reliability may be of concern because the uplink radio conditions to the two geographically separated sites are generally not identical and sometimes they may differ significantly.
In soft handover region where the multipoint transmission may occur, each serving cell in the active set sends TPC commands individually according to a SIR target for its uplink. According to the algorithms specified in 25.214 about how the TPC commands from different radio sets are processed, the power control mechanism in uplink would tend to operate such that the UE transmit power is set to the minimum to allow for reliable reception via the best quality link.   As a result, uplink reception in the cell of poorer radio link, including the uplink control channel, may have lower quality than required for expected reliability.  This may impact the downlink operation if the quality of the ACK/NAC or CQI reports are not adequate for reliable network scheduling. 

A possible simple solution is to apply an additional power boost to the HS-DPCCH. This approach, however, may not be power/interference efficient as the feedback messages associated with the best link would be unnecessarily boosted. 

 CQI pairing/association  
In existing HS-DPCCH design for 2C/4C-HSDPA, the CQI messages for different cells are time multiplexed and sent over different sub-frames. At HS-DPCCH decoder, associating CQI received from a particular sub-frame to a serving cell is relying on a common timing reference (namely, CFN and m parameter) known to the UE and Node-B.
If reuse the TDM-based CQI reporting mechanism for inter-site MF-TX, the Node B may have difficulty associating the CQIs it received from different sub-frames to the cell(s) it supports, as the timing reference used at UE to encode the CQI reports may not be known to the secondary-serving Node B. One possible solution is to have RNC to inform CFN and m parameters to each Node B.  An additional issue not fully addressed by this solution is that when clocks of two sites are from different sources, their timing relation may drift, hence frequent reconfiguration may be required to periodically compensate for the drift.
ACK/NACK codebook performance
In previous HSPA releases up to Releases 10, ACK/NACK codebooks are optimized under the assumption that the HS-DPCCH decoder at serving Node-B has direct access, on a per TTI basis, to the information about number of transport blocks being acknowledged.
When ACK/NACK decoding is performed separately at two different Node-Bs, as is the case for inter-Node-B deployment, the scheduling decision information of the other Node-B is not available. If the existing ACK/NACK codebooks are reused, the ACK/NACK decoding reliability may be possibly impacted, as identified and studied in [4] and [5], as the decision has to be made by running hypothesis test through a larger set of codewords in the codebook.  This impact is seen particularly relevant to the case when UE is configured in MIMO mode.
Simple solution to the codebook performance issue is to adjust the power offset differently for MF-TX operation. This may impact the uplink coverage to some extend and may require a RAN1 simulation effort to determine optimal power offset values as well as the extent of the performance impact.
If single HS-DPCCH solution is still considered for MF-TX, the above issues need to be effectively addressed in RAN1 with appropriate solutions.
2.2.2.2 Dual HS-DPCCH solution

The dual HS-DPCCH solution was extensively studied in Release 8 for DC-HSDPA implementation but it failed to get adopted at the end due to it poor cubic metric performance and impact to uplink coverage.  It is worth noting that however, 8C-HSDPA in R11 has decided to use a dual HS-DPCCH structure to accommodate the substantial capacity requirement for 8 carriers. 

Applying the dual HS-DPCCH solution to MF-TX WI was proposed in [6]. We may have the configuration as shown in Figure 3. The two HS-DPCCH channels may be implemented using two different channelization codes, or in I and Q branches of a single channelization code (as was agreed in 8C-HSDPA).  By mapping all uplink control information related to the cell(s) residing in a Node B to one HS-DPCCH while the rest (all related to another Node B) to another HS-DPCCH, each Node B only needs to decode one of HS-DPCCHs and ignores the other one. This approach may have the following advantages:
· The two HS-DPCCHs can be transmitted with independent timing.  Allowing each HS-DPCCH to be transmitted to meet the timing requirement of its intended Node B.  This eliminates timing compression and the ACK/NACK and CQI pairing/association issues indentified above for the single HS-DPCCH case. 
· HARQ-ACK codebook will not suffer from the performance issue as the ACK/NACK messages are independently encoded for each Node B.  
An additional benefit of dual HS-DPCCHs is that the transmit power of the two HS-DPCCHs may be independently configured. This allows for more flexible power offset setting over HS-DPCCH according to the radio link conditions of each Node B. 
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Figure 3 Dual channel implementation of HS-DPCCH

On the other hand, however, the CM aspect of dual HS-DPCCHs has to be further studied, since the HS-DPCCHs will now potentially be transmitted at different powers. In previous study for the equal transmit power case[7]

 REF _Ref308084073 \r \h 
[8], about 1.7dB worse power performance was observed, which  in turn results in about 5-10%  coverage loss due to use of the dual channel structure.  
Since multiflow transmission is mainly aimed to improving the UE throughput at cell edge, it is important to complete the CM impact analysis to assure that the coverage issue is well understood.  
Proposal: 
RAN1 to further study the CM impact of dual HS-DPCCH and seek for appropriate solutions in mitigating its coverage impact if it is considered as a candidate channel structure.

If the dual HS-DPCCH solution is agreed as a way forward for inter-Node B multiflow transmission, RAN1 may also need to discuss if two HS-DPCCH designs are allowed differently for inter-Node B and intra-Node B implementations.

2.2.2.3 Single vs. Dual HS-HPCCH 
According to the discussion in previous sections, a comparison of the single and dual HS-DPCCH channel structures is provided in the following table.
	
	Single channel HS-DPCCH
	Dual channel HS-DPCCH

	Transmission timing requirement 
	Timing compression necessary on either UE or NB. Possible loss of HARQ processing time or restriction of max downlink TB.
	Independent timing may be allowed for each HS-DPCCH

	Codebook performance loss due to inter-NB implementation
	Loss of ACK/NACK codebook decoding performance due to unknown scheduling status at another NB
	Can maintain the same ACK/NACK codebook performance as previous releases

	higher layer  signaling support
	RRC signaling necessary to indicate the timing difference of two cells for ACK/NACK, CQI pairing/association
	Not required

	Power configuration in order to achieve HS-DPCCH reliability at each  NBs
	A single power offset is applied, therefore the HS-PDCCH SNIR at each NB is may not be the same. 
	Separate configuration of HS-DPCCH power offset may be allowed at each NB

	cell coverage  due to CM impact
	Minor or no impact
	Some coverage loss may be observed due to increase of CM

	Overall standard impact


	Large 
	Relatively less


As summary, it is understood that the single HS-DPCCH solution is advantageous in cell coverage, while the dual HS-DPCCH solution may simplify the uplink control channel design as it can help avoid some practical issues arising from the single HS-DPCCH solution. Before RAN1 decides the way forward, these solutions should be further studied and evaluated, especially in aspects of CM/ROT performance and complexity of modifying the standard.

3 Conclusion

In this contribution, possible options of HS-DPCCH channel structure are analyzed and discussed for multiflow data transmission.  
For intra-NB deployment, the existing HS-DPCCH functionalities from release 8/9/10 should be able to get fully reused with minimal standard impact. 
For inter-NB deployment, the single HS-DPCCH solution is advantageous in cell coverage, while the dual HS-DPCCH solution may simplify the uplink control channel design as it can help avoid some practical issues arising from the single HS-DPCCH solution.  Further efforts may still be required to evaluate the benefits and performance tradeoffs of each solution, in particular additional efforts to characterize the CM/ROT performance and the complexity of modifying the standard are desired.
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