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1 Introduction

At RAN#45 meeting, the Work Item "1.28Mcps TDD Multi-Carrier HSUPA" [1] was approved. The following agreements on higher layer aspects have been made during the recent discussion.
1.
In MC-HSUPA, only MAC-i/is entity is supported.

2.
Splitting for data from different carriers are performed in MAC-i/is for the UE side, convergence for data from different carriers are performed in MAC-i for UTRAN side.
3.
There is only one E-DCH per carrier and one HARQ entity (HARQ sub-entity) per E-DCH transport channel.

4.
multiplexing and TSN setting functions at UE side, reordering, disassembly and reassembly functions at UTRAN side are joint for all carriers.

5.
There is requirement for extending the TSN length in MC-HSUPA.
6.
TEBS, HLBS, HLID are common for all carriers.

7.
Reference frequency for intra/inter-frequency definition needs to be introduced in MC-HSUPA.

8.
New UE category should be defined for MC-HSUPA.

9.
SNPL shall be reported on a per-carrier or per-group basis, depending on network configuration.

10. The maximum allowed UL TX Power in MC-HSUPA should be configured per UE. All carriers use the same value.
Based on the above agreements, this paper shall give further analysis on the information field structure of Scheduling Information.
2 Discussion
In the current single-carrier HSUPA system, Scheduling Information is sent through E-PUCH or E-RUCCH if UE has data available for transmission. The SI message is composed of the following fields:
	SNPL

(5 bits)
	UPH

(5 bits)
	TEBS

(5 bits)
	HLBS

(4 bits)
	HLID

(4 bits)


Figure 1：Structure of Scheduling Information in the current single-carrier HSUPA system
According to the agreements listed in Section 1, the status of the discussion of SI information fields could be observed as below:
1) TEBS, HLBS and HLID are reported on a per-UE basis;
2) SNPL is reported on a per-carrier basis or per-carrier group basis, depending on the configuration of the network;

3) The maximum allowed UL TX Power in MC-HSUPA should be configured per UE. All carriers use the same value.
4) The method of UPH reporting has not been decided yet, possible options are per-carrier reporting and per-UE reporting.
Moving forward, the UPH reporting method is critical for the design of SI information fields, we hope the conclusion could be made at this meeting. The analysis of pros and cons of per-UE reporting and per-carrier reporting is given below.
Method 1: Per-UE reporting
Per-UE reporting of UPH has the benefits of improving resource efficiency and allowing Node B scheduling flexibility. With this method, the UPH included in the SI report is always the difference between the UE’s maximum allowed transmission power and the power already used by all the carriers. This facilitates power sharing between different carriers, Node B can allocate the same or different amount of power to different carriers during scheduling decision making phase for the UE, and it can even allocate all power to a single carrier. In a word, the distribution of power between carriers completely depends on the scheduling strategy of Node B, which is attractive for the network implementation in terms of performance gains.
Method 2: Per-carrier reporting
Per-carrier reporting of UPH has the benefits of easy implementation, without restriction to PA structure. As long as the network and UE has good communication on the maximum transmission power of each carrier, UPH reporting and Node B scheduling can be performed on a per-carrier basis, which is almost the same as the current single-carrier system. This method has low implementation complexity requirement for both Node B and UE, the original single-carrier function can be simply extended to multi-carrier system without cross-carrier power sharing. The drawback of this method is that power sharing is difficult to be realized, the remaining power of one carrier can not be borrowed by other carriers, system performance gains could be limited to a certain extent.
The selection of UPH reporting method among the above options depends on the UE capability of power sharing. An initial investigation among the UE chipset vendors showed that they prefer wideband radio and power sharing between carriers, and the maximum allowed UL TX Power in MC-HSUPA should be configured per UE, all carriers use the same Pmax value.
Based on the above assumption, to facilitate easy processing regardless of the power control status of different carriers (either in open-loop or closed-loop status), a compromised method of UPH reporting is proposed as below, which is referred to as method 3:

Method 3: Optimized per-carrier reporting
UPH is reported on a per-carrier basis in the SI message, its value is the difference between its configured maximum transmission power Pmax and the Pebase of the carrier carrying this SI. However, this power headroom is not limited to be used for this specific carrier, it is also sharable between all the configured carriers up to Node B scheduling. Furthermore, because Node B and UE have good communication on the value status of Pebase, Node B is able to calculate the power headroom of all the other configured carriers, according to its record of the status of Pebase for all the relevant carriers.
Proposal 1: Only one UPH field is included in the SI message with UPH reporting method 3.
Once the method of UPH reporting is decided, the design of SI information fields structure needs to be discussed. Based on the assumption of UPH reporting method 3, this paper gives some basic rules of SI structure, to provide guidelines for further detailed design.

To report the SNPL of multiple carriers, it is suggested to extend the SI information fields to carry SNPL of multiple carriers, and a new type of SI is introduced here which is called SI type 2:

	SNPL1

(5 bits)
	UPH

(5 bits)
	TEBS

(5 bits)
	HLBS

(4 bits)
	HLID

(4 bits)
	SNPL2
(5 bits)
	SNPL3
(5 bits)


Figure 2：SI type 2 information fields structure
After introduction of SI type 2, the previous SI structure shown in Figure 1 could be referred to as type 1. The description of SI type 2 information fields is give below:

Several new fields are added in SI type 2 compared to SI type 1: “SNPLn”, where SNPL1 is only used to carry the SNPL measurement result of the current carrier transmitting the SI, and SNPL2 – SNPLn are the SNPL measurement results of other E-PUCH carriers or carrier groups configured for the UE, where n is the number of carriers or carrier groups configured to the UE by the network.

The drawback of the SI type 2 is that a lot of resources could be wasted for the reporting when only a part of the configured carriers need to be reported. To overcome this, SI type 3 could be introduced as shown below:
	SNPL1

(5 bits)
	UPH

(5 bits)
	TEBS

(5 bits)
	HLBS

(4 bits)
	HLID

(4 bits)
	SNPL2 + E
(5 +1 bits)
	SNPL3 + E
(5 +1 bits)


Figure 3：SI type 3 information fields structure

Similar to SI type 2, SI type 3 introduced some new fields compared to SI type 1: “SNPLn + E”. Where SNPL1 is only used to carry the SNPL measurement result of the current carrier transmitting the SI, and SNPL2 – SNPLn are the SNPL measurement results of other E-PUCH carriers or carrier groups configured for the UE. Each field of SNPL2 – SNPLn is followed by an extension bit E. The two values of the E bit represent whether or not another SNPL field is followed, e.g., the E bit in “SNPL2 + E” represents whether “SNPL3 + E” field is followed after it. When the E bit is set to 0, it means the end of the SI message, no other SNPL field is followed in the SI.
To make the network and UE have identical understanding of SNPL and its corresponding carrier, it is suggested that RNC configures a mapping table for the UE and Node B, with each item of the table including a relative carrier identification and an frequency number. With this configuration of mapping, when the UE reports SNPL, it has clear idea on the mapping relationship of each SNPL field to each carrier, and Node B can have the same understanding.
The drawback of SI type 3 is that the carriers with lower numbers should always be reported, e.g., when only SNPL1 and SNPL4 need to be reported, SNPL2 and SNPL3 have to be reported as well just because of the restriction of SI structure, a certain amount of radio resources will be wasted this way. To overcome this, SI type 4 could be adopted as shown below:

	SNPL1

(5 bits)
	UPH

(5 bits)
	TEBS

(5 bits)
	HLBS

(4 bits)
	HLID

(4 bits)
	Ext bitmap

(n-1 bits)
	SNPL2

(5 bits)
	……
	SNPLn

(5 bits)


Figure 4：SI type 4 information fields structure

SI type 4 introduces an Extension Bitmap and SNPL2 – SNPLn on top of SI type 1, where n is the number of carriers or carrier groups configured to the UE by the network. The length of Ext Bitmap is n-1 bits, to indicate whether SNPL2 – SNPLn is included in the SI, value 1 means included, value 0 means not included. This SI structure can report the SNPL of multiple carriers without waste of information fields for the carriers whose report is not required.
Proposal 2: Discuss the above SI extension methods as shown in Figures 2-4 and lock down the structure of SI information fields, SI type 4 in Figure 4 is slightly preferred.
3 Conclusions

In this contribution we discussed the options of UPH reporting and SI extension methods, the following proposals are given:
Proposal 1: Only one UPH field is included in the SI message with UPH reporting method 3.

Proposal 2: Discuss the above SI extension methods as shown in Figures 2-4 and lock down the structure of SI information fields, SI type 4 in Figure 4 is slightly preferred.
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