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1 Introduction

In RAN #72 the Study Item entitled “Multi carrier enhancements for UMTS” was officially closed, leading to the approval of its corresponding Work Item (WI) [1]. The WI on “Multicarrier Enhancements for UMTS” refers to the possibility of configuring 10ms TTI on one or both uplink carrier frequencies for DC-HSUPA and DB-DC-HSUPA scenarios. In RAN1 #86bis switching the role of the “primary carrier” was proposed to be part of the Multicarrier Enhancements for UMTS [2], which led to the following preliminary conclusion [3]:

· Conclusion: continue discussing the proposal in R1-1610236

This contribution provides more details on the importance of switching the role of the primary carrier as part of the Multicarrier Enhancements for UMTS. 
2 Background on the Primary UL Frequency
In (DB-DC)/DC HSUPA scenarios, the primary and the secondary uplink frequencies must be paired with two downlink carriers named serving HS-DSCH cell and secondary serving HS-DSCH cell. In uplink, the primary carrier differs from the secondary carrier in the following aspects:

· The HS-DPCCH (Downlink Physical Control Channel for HS-DSCH) is transmitted only on the primary uplink frequency and is used for two purposes:
· As a feedback channel for acknowledging the information transmitted on all downlink carriers.
· For reporting to the network the radio conditions associated with the downlink transmissions via CQI reports. 
· When DCH is used along with UL Multicarrier, it can only be configured on the primary carrier.
· Moreover, the RRC (Radio Resource Control) can allocate non-scheduled transmission grants to individual MAC-d flows on the UL in order to reduce the transmission delays. Non-scheduled transmissions are only allowed on the Primary Uplink Frequency and is typically used to carry the Signaling Radio Bearers associated to control plane signaling. 
For these reasons, the primary carrier cannot be turned off or deactivated. In contrast, the secondary carrier may be activated and deactivated according to the radio condition or the need for UL bandwidth.
3 Primary UL Frequency issues in bad coverage
The Rel-14 WI on “Multi carrier enhancements for UMTS” will open the possibility of configuring a 10ms TTI length on one or both uplink carrier frequencies in (DB-DC)/DC-HSUPA scenarios [1]. Figure 1 shows the region where the Rel-14 “Multicarrier Enhancements for UMTS” may be usable.
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Figure 1: Applicability of legacy UL Multicarrier, Rel-14 Multicarrier Enhancements, and Single Carrier as a function of the path-loss.
As can be seen from figure 1, the applicability region of the Rel-14 “Multicarrier Enhancements for UMTS” is limited to 100meters [4]. One important aspect to consider is that even when it would be desirable to always configure the “primary carrier” on the carrier having better propagation properties, a fact that needs to be faced is that not all the users can be configured to have the primary carrier on the same frequency band, therefore there will be occasions where the primary carrier will have to be configured on the high frequency band, which may lead to potential issues.
For example, at an intermediate path-loss ratio when the coverage of a primary carrier configured with 2ms TTI at 2.1GHz starts to deteriorate, the network may instruct the UE to deactivate the secondary carrier since the UE is moving away from the region where UL Multicarrier can be used, however due that the primary carrier was configured on the carrier where the path-loss is more severe (i.e., high frequency band), the UE may not be able to listen to the HS-SCCH order leading to a situation where the two carriers are kept active even though operating in multicarrier mode is not sustainable anymore. In this case, the primary carrier will experience sync issues, and eventually the connection on both carriers will be suddenly lost as soon as the primary carrier get out-of-sync.
Another example refers to a potential drop call in the so called “Dual Carrier HSUPA for UTRAN CS” configuration. This may happen when the primary carrier has been configured on the high frequency band, and the path-loss on that band starts to severely attenuate the signal, in that case a voice service may suddenly be terminated since the primary carrier is the one hosting the DPDCH, which may be lost unless a primary carrier switching be triggered on time.
The issues described above can be solved by switching the role of “primary carrier” with the carrier operating at 900MHz configured with 10ms TTI. Note that switching the role of “primary carrier” is not an optimization, but it rather solves severe issues that may easily occur in DB-DC HSUPA scenarios.
4 Impact of Switching the role of Primary Carrier
The proposal of switching the role of the “primary carrier” relies on using an HS-SCCH order since it results to be fast enough for fulfilling this purpose. This way upon the reception of the HS-SCCH order, the former secondary carrier would become the primary carrier and vice versa.
Moreover, since a carrier has both an uplink and a downlink part, receiving an order for “switching the primary carrier” would imply that both uplink and downlink will perform the switching (in a similar way it would occur with an “HS Serving Cell Change”). Figure 2 shows the physical channels carried by the primary and secondary carriers in both uplink and downlink.
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Figure 2: Physical channels in (DB-DC)/DC HSUPA scenarios.
As can be seen from figure 2, all the DL related physical channels are already present in both the primary and secondary carriers, for this reason switching the “primary carrier” would be transparent from a L1 downlink perspective. In terms of UL, there is only one physical channel that is present in the primary uplink frequency but is not in the secondary uplink frequency, that channel is the HS-DPCCH. Moreover, another channel that may be present on the primary carrier is the DPDCH, since from Rel-13 UL Multicarrier can used along with voice services.
Based on the above analysis, switching the role of the primary carrier may be seen to require the pre-configuration of the HS-DPCCH and DPDCH related parameters. However, both the HS-DPCCH and DPDCH related parameters could be retrieved from the signaling information provided per connection, in a similar way it could be done for the non-scheduled transmissions. 

Having said that, the details about configuration aspects and the signalling design should be let up to the expertise of the TSG RAN WG2. Therefore, since there are no L1 configuration parameters impacted, the only impact in RAN1 refers to the introduction of a single HS-SCCH order for switching the role of the primary carrier.
Focusing on the design of the “primary carrier switching” order, in RAN1 #86bis a table entitled “Orders for switching the E-DCH TTI for dual cell E-DCH” was added to the standard which is only meaningful for UL Multicarrier configurations [3]. This Table contains unused slots which could be used for adding a new HS-SCCH order for instructing the UE to switch its primary carrier. An example on how the new HS-SCCH order could be incorporated to the standard is shown below in Table 14B.3B.
Table 14B.3B: Orders for switching the E-DCH TTI, and the role of primary carrier for dual cell E-DCH

	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
	Unused (Reserved dual cell E-DCH)

	
	
	0
	0
	1
	Unused (Reserved dual cell E-DCH)

	
	
	0
	1
	0
	TTI switch order to 2ms+2ms

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

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

	
	
	1
	0
	1
	    TTI switch order to 10ms+10ms

	
	
	1
	1
	0
	Primary Carrier switch order

	
	
	1
	1
	1
	Unused (Reserved dual cell E-DCH)


Note 1 (Table 14B.3B): For the TTI switch orders the TTI length displayed on the left hand side applies to the primary uplink frequency, while the TTI length displayed on the right hand side applies to the secondary uplink frequency.
Note 2 (Table 14B.3B): The TTI switch orders also apply if the secondary uplink frequency is deactivated, but it becomes effective on the secondary uplink frequency upon its re-activation.
Note3 (Table 14B.3B): The Primary Carrier switch order switches both uplink and downlink.
As shown above, the HS-SCCH order used for performing the “Primary carrier switching” can simply be added right after the last HS-SCCH order used for “TTI switching” purposes.

Having the possibility of switching “on-demand” the role of “primary carrier” will solve the issue of not being able to reach a primary carrier that has been configured on the high frequency band, and at the same time will open opportunities for exploiting in a dynamic way the coverage/throughput and load balancing trade-offs that will occur in the Rel-14 (DB-DC)/DC HSUPA scenarios.
Proposal 1: Using an HS-SCCH orders for performing a “primary carrier” switching in dual cell E-DCH scenarios.
5 Conclusions 

A new Work Item on “Multicarrier Enhancements for UMTS” has been recently approved [1], which upon its standardization will allow to configure 10ms TTI on one or both carriers for (DB)DC-HSUPA scenarios. This contribution has pointed out that due to the different propagation properties of the DB-DC scenarios there might be serious issues when the primary carrier happened to be configured on the high frequency band. From the performed analysis the following points can be highlighted:
· Upon the completion of the 3GPP Rel-14 it will be possible to configure a 10ms TTI length on one or both uplink carrier frequencies in (DB-DC)/DC-HSUPA scenarios [1].
· The applicability region of the Rel-14 “Multicarrier Enhancements for UMTS” is limited to 100meters as shown in Figure 1 [4].
· One important aspect to consider is that even when it would be desirable to always configure the “primary carrier” on the carrier having better propagation properties, a fact that needs to be faced is that not all the users can be configured to have the primary carrier on the same frequency band, therefore there will be occasions where the primary carrier will have to be configured on the high frequency band.
· In the scenario described above a severe issue may occur. For example at an intermediate path-loss ratio when the coverage of a primary carrier configured with 2ms TTI at 2.1GHz starts to deteriorate, the network may instruct the UE to deactivate the secondary carrier since the UE is moving away from the region where UL Multicarrier can be used, however due that the primary carrier was configured on the carrier where the path-loss is more severe (i.e., high frequency band), the UE may not be able to listen to the HS-SCCH order leading to a situation where the two carriers are kept active even though operating in multicarrier mode is not sustainable anymore. In this case, the primary carrier will experience sync issues, and eventually the connection on both carriers will be suddenly lost as soon as the primary carrier get out of sync.
· Another example refers to a potential drop call in the so called “Dual Carrier HSUPA for UTRAN CS” configuration. This may happen when the primary carrier has been configured on the high frequency band, and the path-loss on that band starts to severely attenuate the signal, in that case a voice service may suddenly be terminated since the primary carrier is the one hosting the DPDCH, which may be lost unless a primary carrier switching be triggered on time.

· Under those circumstances switching the role of the “primary carrier” with the carrier operating at 900MHz configured with 10ms TTI would be basically the only way to avoid those issues.
· Therefore, the proposal of switching the role of the “primary carrier” is not an optimization, but it rather solves severe issues that may easily occur in DB-DC HSUPA scenarios.
· An existing mechanism that can fulfil the purpose of switching the primary carrier in a fast and efficient way is an HS-SCCH order.
· Where upon the reception of the HS-SCCH order, the former secondary carrier would become the primary carrier and vice versa.
· Moreover, since a carrier has both an uplink and a downlink part, receiving an order for “switching the primary carrier” would imply that both uplink and downlink will perform the switching.
· Figure 2 shows the physical channels carried by the primary and secondary carriers in both uplink and downlink.
· As can be seen from figure 2, all the DL related physical channels are already present in both the primary and secondary carriers, for this reason switching the “primary carrier” would be transparent from a downlink perspective. 
· In terms of UL, there is only one physical channel that is present in the primary uplink frequency but is not in the secondary uplink frequency, that channel is the HS-DPCCH
· Switching the role of the primary carrier may be seen to require the pre-configuration of the HS-DPCCH and DPDCH related parameters. However, both the HS-DPCCH and DPDCH related parameters could be retrieved from the signaling information provided per connection, in a similar way it could be done for the non-scheduled transmissions. 
· Having said that, the details about configuration aspects and the signalling design should be let up to the expertise of the TSG RAN WG2. Therefore, since there are no L1 configuration parameters impacted, the only impact in RAN1 refers to the introduction of a single HS-SCCH order for switching the role of the primary carrier.
· In RAN1 #86bis a table entitled “Orders for switching the E-DCH TTI for dual cell E-DCH” was added to the standard, which is only meaningful for UL Multicarrier configurations. This Table contains unused slots which could be used for adding a new HS-SCCH order for instructing the UE to switch its primary carrier.

· See the Table 14B.3B in section 4 as an example.

Based on the analysis performed in this contribution, the following proposal has been stated:

Proposal 1: Using an HS-SCCH orders for performing a “primary carrier” switching in dual cell E-DCH scenarios.
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