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1 Introduction

This contribution provides the text proposal for the evaluations performed for the study on Evaluation of Multicarrier Enhancements [1], reported in [2].
2 Text Proposal

[------------------------------------------------------ TEXT START ---------------------------------------------------------]
3 Study areas

3.1 Impacted mechanisms
3.1.1 TTI Switching

The current specification of TS 25.212 has provisions for TTI switching for a given cell, if the order is transmitted from the serving HS-DSCH cell or a secondary serving HS-DSCH cell. The order is encoded under the (extended) order type “11 011”. For this Order type, the meaning of the orders is listed in Table 14B.3A. 

The current interpretation is that the cell transmitting HS-SCCH in the Downlink is sending an order for the duplex cell in the uplink i.e. the serving cell HS-SCCH order will apply to the primary uplink frequency and the secondary serving cell HS-SCCH order will apply to the secondary uplink frequency. It is thus possible to switch TTIs independently for each carrier.
Observation: It is possible to reuse the legacy orders reconfiguring primary and secondary TTI lengths independently. In this case, the HS-SCCH order transmitted from either the serving or secondary HS-DSCH cells would be respectively controlling which carrier in uplink (i.e., either the primary or secondary uplink frequency) would be changing its TTI configuration. 

However, it may also be worth investigating whether introducing new orders to switch to a specific TTI combination for both carriers, from the primary carrier only. As Table 1 shows, 6 reserved slots remain unused in the Order type and could be used to assign them to TTI combinations. 

Observation: It is possible to design a single order reconfiguring both primary and secondary TTI lengths at once. Available HS-SCCH orders in the TTI switching order types can be used. 
Table 14B.3A: Orders for switching the E-DCH TTI
	Extended
Order Type
	Order Type
	Order Mapping
	Interpretation

	xeodt,1, xeodt,2
	xodt,1, xodt,2, xodt,3
	xord,1
	xord,2
	xord,3
	

	11
	011
	0
	0
	0
	TTI switch order from 2ms to 10ms

	
	
	0
	0
	1
	TTI switch order from 10ms to 2ms

	
	
	0
	1
	0
	Unused (Reserved)

	
	
	0
	1
	1
	Unused (Reserved)

	
	
	1
	0
	0
	Unused (Reserved)

	
	
	1
	0
	1
	Unused (Reserved)

	
	
	1
	1
	0
	Unused (Reserved)

	
	
	1
	1
	1
	Unused (Reserved)


Observation 2: Specification 25.212 is impacted with the choice of mechanism for TTI switching. 

3.1.2 Secondary carrier (de)-activation

The current specification for DC-HSUPA (and by extension DB-DC-HSUPA) allows for secondary carrier activation.  In a case where the UE is at the cell edge and starts to become coverage limited, it is particularly beneficial to support deactivation as it has been shown that at large path loss, falling back to single carrier is beneficial to maintain performance. 

Observation: It is possible to reuse the legacy secondary carrier de-activation in order to improve performance at the cell edge. 
3.1.3 Power scaling 
A UE is given transmit power update by the NodeB every slot, via the TPC command. When the UE total transmit power is within the maximum transmit power, the UE has to scale (i.e. reduce) its power between the carriers and among the channels on each carrier. 
The DPCCH power levels on both carrier are always updated, each carrier independently according to the respective received TPC command. Thereafter, when there is insufficient power to satisfy the E-TFC on each carrier the following procedure is applied:

· The EDPDCH level on the cell with the strongest DPCCH level is scaled down, so that either the required power no longer exceeds the maximum transmittable power or the E-DPDCH power reaches the minimum specified power level
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, as specified via higher layer configuration.

· If the EDPDCH power level has reached 
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 and there still is a shortage of transmitted power, then the power on the cell with the weakest DPCCH level is also scaled down until either the required power no longer exceeds the maximum transmittable power or the E-DPDCH power reaches the minimum specified power level
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· Finally is the total transmitted power still exceeds the maximum transmit power after the first two stages, the UE scales down all the channels on both cells equally. 

The process is also called sequential scaling, as it sequentially reduces power between the carriers, starting with the carrier with the strongest DPCCH.  Scaling can be applied every slot, in line with TPC command frequency.This procedure aims at preserving DPCCH and other signaling channels power, at the expense of EDPDCH. E-DPDCH is protected by HARQ retransmission and data can still be recovered at low power.  However, the procedure also results with an unbalanced performance over the two carriers – one of the carriers is basically preferred at the expense of the other. 
 The procedure is expected to hold for DC-HSUPA. However for DB-DC-HSUPA the results should be verified as the imbalance in power between the carriers may break the algorithm. For example, in DB-DC-HSPA, the higher band requires more transmit power for equal performance and therefore the algorithm will most likely always target the higher band in power limited case.  For that reason, power scaling is very sensitive in DB-DC HSPA. 

One way to avoid the issue of power scaling for DB-DC HSPA  would be to fall back to single carrier when DB-DC-HSUPA is power limited.  The performance at the cell edge for DB-DC HSUPA has been shown to equal or worse than the one of single carrier HSUPA in [3]. 

Observation: the power scaling procedure should be studied and compared to legacy for impact analysis in the case of DB-DC HSUPA. 

Observation: In the case of DB-DC HSUPA consider fall back to single carrier EUL in case of power limitation.  
Another power scaling related issue concerns SRB. When power scaling is applied, the procedure must make sure that the SRB channel is not scaled before the other carriers and channels have been scaled, to maintain signalling performance. For DC HSUPA it is possible by always applying SRB to the primary carrier. However for DB-DC HSUPA the primary carrier may not be the best suited for SRB (for example for Ues whose primary carrier is in the higher band). 

Observation: SRB and other non-scheduled flows should always be allocated to the carrier with the best coverage, i.e. the lower band DPCCH.  

[------------------------------------------------------ TEXT end ---------------------------------------------------------]
4 Conclusions

Upon reviewing the content of the Text Proposal, it is proposed to:
Proposal: Agree on the text proposal and capture the content presented in this document in the Technical Report of Multi-Carrier Enhancements for UMTS [2].
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