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1 Introduction

Last meeting in Dresden, it was agreed to introduce a secondary E-DPCCH (S-E-DPCCH) when the UE transmits with rank-2.  As discussed in many past contributions (see e.g. [1]-[3]), the S-E-DPCCH may be mapped on either the primary or secondary stream.  

In this contribution we analyse these options for the physical layer mapping of the S-E-DPCCH.
2 Discussion

In the context of dual-stream MIMO transmission, the E-DPCCH carries the control information (TBS, RSN and Happy bit) for the primary stream and the S-E-DPCCH carries the control information for the secondary stream.    In the following, the physical mapping of the S-E-DPCCH is analyzed considering the reliability, enhanced phase reference for the secondary stream and power efficiency.   For the purpose of this analysis, we assume that the channel estimation performance is independent of the actual mapping and only dependent on the total pilot power for each stream.
2.1 Analysis

Reliability

For proper E-DCH operations, it is essential that the E-DPCCH is received reliably at the NodeB receiver; it would be undesirable that the data channel performance is limited by the associated control channel reliability.  The same argument also applies to the secondary stream. 
In single-stream E-DCH, the quality of the E-DPCCH is guaranteed by the power control loop; the NodeB issues up/down TPC commands to ensure that the UE signal is received reliably.  If mapped on the primary stream, the S-E-DPCCH would be received with predictable reliability.

However in dual-stream operations, there is no power control loop for the secondary stream and its quality cannot be guaranteed at the NodeB receiver.  To ensure reliable reception in this case, the S-E-DPCCH would need to be transmitted with a potentially large power margin.  As mentioned in[4], this may not be an issue if the S-E-DPCCH is used for enhanced phase reference with UL MIMO operations.
Observation:

If the S-E-DPCCH is not transmitted with some power boosting on the secondary stream, it is preferable to map it to the primary stream to guarantee reliable reception.

Enhanced phase reference
The E-DPCCH power boosting was introduced in R7 orginally to support 16QAM operations; and then later modified to also provide enhanced phase reference to configurable set of transport formats.  With E-DPCCH boosting, the UE increases the E-DPCCH power to ensure that the configured traffic-to-total-pilot (T2TP) ratio is maintained.  The NodeB uses the boosted E-DPCCH as a decision-directed pilot stream to improve channel estimation.  In UL CLTD operations, the S-DPCCH is also boosted when the E-DPCCH is boosted; while in UL CLTD there is no need to demodulate data on the secondary stream, this boosting improves the quality of the true channel estimate for generating the weights at the NodeB.
There are two options for providing enhanced phase reference on the secondary stream for S-E-DPDCH demodulaiton.  The first option consists of transmitting the S-E-DPCCH on the primary stream and therefore rely uniquely on the S-DPCCH as the phase reference for the secondary stream.  We note that this option exists in the specifications today.  The S-E-DPCCH in that case is transmitted on the primary stream.  For this first option, RAN1 effort seems to be limited to the following:
· Determine if the S-DPCCH power boosting rules are sufficient or if modifications need to be made;

· Determine the channelization code, I/Q mutliplexing and gain factor for the S-E-DPCCH on the primary stream.

The second option consists of transmitting the S-E-DPCCH on the secondary stream.  Based on the observation above, it is clear that in this scenario the S-E-DPCCH would need to be transmitted with power boosting and thus providing enhanced phase reference (see [4]).  For this option, RAN1 effort seems to require:
· Determine the S-E-DPCCH channelization code, I/Q multiplexing on the secondary stream (e.g. use same as E-DPCCH); 
· Determine the power boosting rules and the interaction with the S-DPCCH power boosting.

While the first task may be straightforward, the interaction with S-DPCCH power boosting may be more problematic.  Clearly it is desirable to have the possibility to use the S-DPCCH boosting functionality when the UE transmits with rank-1.  With rank-2 transmission the total pilot power becomes distributed between the S-DPCCH and S-E-DPCCH.  Since the S-E-DPCCH carries control information the majority of the pilot power should be allocated to it, at the expense of the S-DPCCH.  We note that this option duplicates existing functionality provided by the S-DPCCH.
Observation

If the S-E-DPCCH is transmitted on the secondary stream, power setting of the S-DPCCH may need to be revisited for rank-2 transmission.

Efficiency

From an efficiency perspective it is always desirable to minimize the control channel overhead.  In that sense using a control channel in decision-directed mode as an enhanced phase reference is advantageous since the power allocated serves two purposes.  Thus we observe that using the S-E-DPCCH for enhanced phase reference on the secondary stream may be power efficient (provided that the S-DPCCH power is set appropriately).
When mapping the S-E-DPCCH on the primary stream this power efficiency is lost unless the S-E-DPCCH is also boosted along the E-DPCCH and used for enhanced phase reference.  In that case the total pilot on the primary stream would be provided by the DPCCH, E-DPCCH and S-E-DPCCH.  For optimal efficiency, the traffic to total pilot power should remain the same.  Therefore if the S-E-DPCCH power is the same as the E-DPCCH power as suggested in [1], it may be necessary to lower the boosting by 3dB during dual-stream transmission when compared to single-stream E-DPCCH boosting. 
We finally note however that even if the S-E-DPCCH is transmitted on the primary stream with no power boosting, its total contribution to the UE overhead may be quite small given the large power required for MIMO transmission of the two E-DPDCH streams. 
Observation

Efficient power allocation can be devised if the S-E-DPCCH is mapped on either stream.  However energy efficiency may be not be a concern given the relatively large power required by MIMO data transmission.

2.2 Summary and additional considerations
Table 1: Summary for S-E-DPCCH physical layer mapping

	S-E-DPCCH mapping
	Reliability
	Enhanced phase reference
	Efficiency

	Primary stream
	Reliable
	Primary stream: Mix of DPCCH, E-DPCCH and S-E-DPCCH.

Secondary stream: S-DPCCH only.
	Most efficient if S-E-DPCCH is also used for enhanced phase reference.

	Secondary stream
	Needs power boosting to compensate for the lack of power control
	Primary stream: Mix of DPCCH and E-DPCCH

Secondary stream:Mix of S-E-DPCCH and S-DPCCH
	Efficient


Table 1 summarizes the discussion.  In summary, power efficiency may be achieved regardless of the pre-coding vector used for S-E-DPCCH and reliability of the S-E-DPCCH may not be an issue when mapped to the secondary stream, provided sufficient power is allocated to the S-E-DPCCH.   
In addition to the above, we also observe that in terms of implementation complexity, the two approaches are relatively similar.  However  we note that for the NodeBs that have already implemented decision-directed E-DPCCH channel estimation, adding the S-E-DPCCH on the primary stream and also using it as decision-directed pilot might be undesirable as it would likely require additional design and testing on an essentially existing functionality.  If this is the case and to support efficient operations, it may be more justified to map the S-E-DPCCH on the secondary stream.  
3 Conclusion

In this contribution we analyze the various options for S-E-DPCCH physical layer mapping from the reliability, enhanced phase reference and efficiency point of view.   We conclude that power efficiency may be achieved regardless of the pre-coding vector used for S-E-DPCCH and reliability of the S-E-DPCCH may not be an issue when mapped to the secondary stream, provided sufficient power is allocated to the S-E-DPCCH. 
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