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1. Introduction
In RAN1#68bis and RAN1#69 meetings, two different non-rectangular resource allocation approaches were discussed in [1] and [2]. And an email discussion on target scenarios for resource allocation efficiency enhancements was initiated after RAN1#69, which was summarized in our companion contribution [3]. In this contribution, we analyze if these two approaches can be applied to all the scenarios mentioned in [3]. Furthermore, we propose a new non-rectangular resource allocation scheme to enhance the HSPA resource allocation efficiency.
2. Discussion
2.1. Analysis on the resource allocation approaches in [1] and [2]
Firstly, we list the two resource allocation approaches proposed in [1] and [2].

Approach 1 [1]:
· The non-rectangular HS-PDSCH resource allocation includes TS0 and other downlink timeslot(s) on secondary carrier(s). 
· The channelization-code-set information on HS-SCCH indicates the channelization codes assigned in the timeslots other than TS0. The channelization-code-set information in TS0 is signaled to the UE via higher layer signaling.
Approach 2 [2]: 
· The non-rectangular resources are divided into two rectangular resources.
· The component timeslots of the second rectangular resource are informed to both NodeB and UE by RNC

· The detailed timeslot and code information of the second rectangular resource are dynamically informed to UE on HS-SCCH/E-AGCH through re-defining the channelization code set information field on HS-SCCH/redefining the CRRI field on E-AGCH with the constraint that in the first rectangular resource all the codes in a timeslot are allocated to UE when this timeslot is scheduled to UE.
Secondly, we list three downlink scenarios and one uplink scenario for resource allocation efficiency enhancements summarized in [3] as follows.
Downlink:

· DL Scenario 1: The non-rectangular HS-PDSCH resources consist of channelization codes in TS0 and other downlink timeslot(s). Only partial channelization codes in TS0 can be used as HS-PDSCH resources and the available channelization codes are semi-static.
· DL Scenario 2: The non-rectangular HS-PDSCH resources consist of channelization codes in the timeslot where DL DPCH and/or DL control channels are configured and other downlink timeslot(s). Only partial channelization codes in the timeslot where DL DPCH and/or DL control channels are configured can be used as HS-PDSCH resources and the available channelization codes may vary among different subframes due to e.g. TDM of DPCH or increase/decrease of DPCH configuration. 

· DL Scenario 3: The non-rectangular HS-PDSCH resources consist of three rectangular resources, i.e. channelization codes in timeslot 0, the timeslot where DL DPCH and/or DL control channels are configured and other downlink timeslot(s). 

Uplink:

· UL Scenario 1: The non-rectangular E-PUCH resources consist of OVSF codes in the timeslot where UL DPCH and/or UL control channels are configured and other uplink timeslot(s). Only partial OVSF codes in the timeslot where UL DPCH and/or UL control channels are configured can be used as E-PUCH resources and the available OVSF codes may vary among different subframes due to e.g. TDM of DPCH or increase/decrease of DPCH configuration. 

For approach 1, it can be seen that it is applicable to DL Scenario 1 only, i.e. it cannot be used  in DL Scenario 2, DL Scenario 3 or UL Scenario. 
For approach 2, it is applicable to DL Scenario 1, DL Scenario 2 and UL Scenario 1 but cannot be used in DL Scenario 3. Furthermore, an important issue should be considered that this approach cannot allocate non-rectangular resources dynamically because it must change the timeslots information of the second rectangular resource and inform it to Node B and UE by RNC, which increases the higher layer signalling overhead and results in some scheduling delay. 
So, it is necessary to introduce a new non-rectangular resource allocation scheme not only to enhance the HSPA resource allocation efficiency but also can be applied to all the scenarios listed above.
2.2. A new non-rectangular resource allocation scheme
A new non-rectangular resource allocation scheme is proposed here. In this scheme, when the network allocates non-rectangular resource, the channelization-code-set information (CCS) field on HS-SCCH and the code resource related information (CRRI) field on E-AGCH only to indicate the code resource allocation in the specific timeslot. The code resources allocation in other timeslots except TS0 has the restriction that all the codes are allocated to the UE when the timeslot is scheduled. For TS0, the CCS information in it is signaled to the UE via higher layer signaling. In this scheme, the HS-SCCHs and E-AGCHs are not impacted.
In the following, we will give more details about how this scheme is used in downlink and uplink respectively and provide some examples to show that it can be applied to all the scenarios listed in the previous section.

Downlink: 
In the downlink, the specific timeslot defined in the scheme is the one with the maximum timeslot number in all the timeslot scheduled to UE in this subframe. Then the HS-SCCH only carries the channelization code set information in this specific timeslot. And all the channelization code resources in the other timeslots except TS0 are allocated to the scheduled UE and the code resources in TS0 is signaled to the UE via higher layer signaling. 
An example of HS-PDSCH resource pool in DL Scenario 1 is illustrated in Figure 1. We take HS-SCCH type 1 as an example and the non-rectangular resources are allocated as follows.
· The time slot information field in HS-SCCH is set “10111” 
· The code resources in TS0 is signaled to the UE via higher layer signaling
· All code resources in TS4 and TS5 are allocated implicitly
· TS6 is the specific timeslot. And the code resources in TS6 is allocated and indicated by setting  the CCS field in HS-SCCH to “00001111”
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Figure 1: HS-PDSCH resource pool in DL Scenario 1
Two examples of HS-PDSCH resource pool in DL Scenario 2 and DL Scenario 3 are illustrated in Figure 2 and Figure 3 respectively. We also take HS-SCCH type 1 as an example and the non-rectangular resources allocation  in these two examples are the same and given as follows.

· The time slot information field in HS-SCCH is set “10111” 
· The code resources in TS0 is signaled to the UE via higher layer signaling

· All code resources in TS4 and TS5 are allocated implicitly
· TS6 is the specific timeslot.  And the code resources in TS6 is allocated and indicated by setting  the CCS field in HS-SCCH to “00001001”
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Figure 2: HS-PDSCH resource pool in DL Scenario 2
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Figure 3: HS-PDSCH resource pool in DL Scenario 3

Uplink: 

In the uplink, the specific timeslot defined in the scheme is the one with the minimum timeslot number in all the timeslot scheduled to UE in this subframe. Then the E-AGCH only carries the code resource related information in this specific timeslot. And all the OVSF code resources in the other timeslots are allocated to the scheduled UE. 

An example of E-PUCH resource pool in UL Scenario 1 is illustrated in Figure 4. We take E-AGCH type 1 as an example and the non-rectangular resources are allocated as follows.

· The timeslot resource related information (TRRI) field in E-AGCH is set “11100” 
· All code resources in TS2 and TS3 are allocated implicitly
· TS1 is the specific timeslot.  And the code resources in TS1 is allocated and indicated by setting  the code resource related information (CRRI) field in E-AGCH to “00010”
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Figure 4: E-PUCH resource pool in UL Scenario 1

It can be seen that the proposed non-rectangular resource allocation scheme can be applied to all the scenarios. Furthermore, this scheme can also allocate the rectangular resources as the legacy method. For the downlink, the specific timeslot can be limited to a timeslot set. If the scheduled specific timeslot belongs to this set, the non-rectangulare resource allocation scheme is used. Otherwise, the legacy allocation method is effective, i.e. the CCS field in HS-SCCH indicates the same channelization code resources in all used timeslots. For the uplink, one reserved bit can be used to indicate which scheme is adopted. 
Based on the discussion above, our proposed scheme has the following advantages and we propose this scheme can be adopted to enhance the HSPA resource allocation efficiency.
· It can be applied to all target scenarios (both DL and UL) for resource allocation efficiency enhancements.
· It can dynamically allocate the non-rectangular resources to enhance the HSPA resource allocation efficiency.

· It doesn’t  need any additional higher layer signalling to inform the division of different resources sets like approach in [2].
· It has an marginal effect on the specification because it only needs to add some statements or restriction but the HS-SCCHs and E-AGCHs are not impacted.

· It can also allocate the rectangular resources.

3. Proposal
In this contribution, we discuss non-rectangular resource allocation schemes with the following proposal:

The proposed non-rectangular resource allocation scheme in this contribution can be adopted to enhance the HSPA resource allocation efficiency and captured in the TR25.874.
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