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1 Introduction
The SI of a single-carrier HSUPA UE consists of the following items.

(1) 13-bit E-DCH data amount information: 5-bit TEBS, 4-bit HLID and 4-bit HLBS

(2) 10-bit carrier information: 5-bit SNPL and 5-bit UPH

NodeB needs the SI of a single-carrier HSUPA UE to allocate the suitable E-PUCH resource to the UE. Therefore, the single-carrier HSUPA UE will be triggered to send the SI to NodeB under the definite conditions. The single-carrier HSUPA UE has the following two manners to send the SI to NodeB. 

(1) Send the SI on E-RUCCH

(2) Send the SI in MAC-e/MAC-i PDU
Under some conditions, the UE is required to send the SI on E-RUCCH while under the other conditions the UE is required to send the SI in MAC-e/MAC-i PDU.

For the same reason, NodeB needs the SI of an MC-HSUPA UE. How to report the SI of an MC-HSUPA UE to NodeB is discussed in the document from the following aspects.
(1) The SI content of an MC-HSUPA UE

(2) The SI formats of an MC-HSUPA UE

(3) The conditions for an MC-HSUPA UE to send the SI to NodeB
(4) The SI reporting manners of an MC-HSUPA UE
(5) SI reporting on E-RUCCH

(6) SI reporting in MAC-e/MAC-i PDU

2 SI content of MC-HSUPA UE

In order for NodeB to schedule each carrier configured by UTRAN to an MC-HSUPA UE, the UE should report its E-DCH data amount information and the SNPL and UPH of each configured carrier to NodeB. NodeB uses the E-DCH data amount information of the UE to determine its E-DCH data amount. NodeB uses the SNPL of each configured carrier to estimate the interference power created by the HSUPA specific data physical channel on the configured carrier. NodeB uses the UPH of the configured carrier to determine the power grant of the HSUPA specific data physical channel on the configured carrier. Therefore, the SI content of an MC-HSUPA is suggested as follows.
Proposal 1: The SI of an MC-HSUPA UE consists of the following items:

(1) 13-bit E-DCH data amount information: 5-bit TEBS, 4-bit HLID and 4-bit HLBS

(2) carrier information: 5-bit SNPL and 5-bit UPH of each configured carrier by UTRAN to an MC-HSUPA UE
In order to reduce the bit number of the SI of an MC-HSUPA UE, RNC needs to divide the carriers of a cell into several sub-carrier sets with the carriers in each sub-carrier set having the same intra-frequency neighboring cell list. The carriers in each sub-carrier set of a cell have the same SNPL. An MC-HSUPA UE has no need to report the SNPL of each configured carrier to NodeB. The UE is only required to determine which sub-carrier set each of its configured carrier belongs to and then reports the SNPL of each sub-carrier set it belongs to. 

For example, six HSUPA carriers are configured by UTRAN to an MC-HSUPA UE and these carriers belong to the two sub-carrier sets. In such a case, the UE is only required to report the SNPL of each of these two sub-carrier sets to NodeB. Compared with reporting the SNPL of each of the six configured carriers, reporting the SNPL of each of these two sub-carrier sets can save 5*6-5*2=20 bits.

Based on the above illustration, the following proposal is suggested.

Proposal 2: RNC divides the carriers in a cell into several sub-carrier sets with the carriers in each sub-carrier set having the same intra-frequency neighboring cell list. An MC-HSUPA UE is only required to report the SNPL of each sub-carrier set it belongs to.

In order to further reduce the bit number of the SI of an MC-HUSPA UE, RNC can configure the desired E-PUCH received power of each configured carrier to NodeB and make NodeB calculate the UPH of each carrier in the open-loop power control. The UE is only required to report to NodeB the UPH of each carrier in the close-loop power control. Among the carriers in the open-loop power control, the UE is only required to report the UPH of one carrier to NodeB for the derivation of the path loss of the UE. NodeB can use the desired E-PUCH received power of each carrier in the open-loop power control and the path loss to derive the UPH of each carrier in the open-loop power control.
For example, the six HSUPA carriers are configured to an MC-HSUPA UE. When the UE is triggered to send the SI to NodeB, the UE has the first two configured carriers in the close-loop power control and the last four configured carriers in the open-loop power control. In such a case, the UE can report the UPHs of the first two configured carriers to NodeB. At the same time, the UE can report the UPH of one carrier among the last four configured carriers to NodeB. Compared with reporting the UPH of each configured carrier, the above SI reporting can save some bits.
For the UE with no more than 3 carriers, the differentiation of the two power control states of each carrier can not equivalently reduce the bit number of its SI. For the UE with more than 3 carriers, when it has 3 or more carriers in the open-loop power control, only reporting the UPH of one carrier in the open-loop power control to NodeB can equivalently reduce the bit number of its SI. For the detailed evaluation on the bit number reduction under the different cases, see the table in Annex.

Based on the above discussion, the following proposal is suggested.
Proposal 3: For the UE with more than 3 HSUPA carriers, if it has 3 or more carriers in the open-loop power control, it’s only required to send to NodeB the UPH of each carrier in the close-loop power control and the UPH of one carrier in the open-loop power control.

Proposal 4: For an MC-HSUPA UE with more than 3 HSUPA carriers, RNC should configure the desired E-PUCH received power of each carrier to the UE.

Proposal 5: For one carrier in the open-loop power control, NodeB is capable of using the desired E-PUCH received power of the carrier and the path loss to derive the UPH of the carrier.
3 SI formats of MC-HSUPA UE

There exist different requirements on the SI information amount of an MC-HSUPA UE under the different scenarios. Therefore, the SI formats for the different scenarios should be defined. For example, when the UE is at the edge of the cell and the channel quality of each carrier is very bad, the UE may have no need to send the SNPL and UPH of each carrier to NodeB. Under such a case, it’s enough for the UE to send to NodeB the E-DCH data amount information and the SNPL and UPH of the carrier with the best channel quality. When the UE is in the center of the cell and the channel quality of each carrier is very good, the UE should report to NodeB the E-DCH data amount information and the UPH and SNPL of each carrier in order for NodeB to simultaneously schedule several carriers of the UE.
Based on the above discussion on the scenarios for the SI reporting of an MC-HSUPA UE, the following SI formats are suggested for the MC-HSUPA UE.

(1) SI format 1: 13-bit E-DCH data amount information (5-bit TEBS, 4-bit HLID and 4-bit HLBS), 5-bit SNPL and 5-bit UPH of the carrier with this SI format to send. SI format 1 is same as the SI format of the single-carrier HSUPA UE.

Table 1: SI format 1 of MC-HSUPA UE

	TEBS

(5 bits)
	HLID

(4 bits)
	HLBS

(4 bits)
	SNPL

(5 bits)
	UPH

(5 bits)


Under the scenario when an MC-HSUPA UE decides to send the SNPL and UPH of the selected carrier to NodeB, if the UE has E-RUCCH or grant on the selected carrier, the UE can select SI format 1 to send the organized SI to NodeB.
(2) SI format 2: 13-bit E-DCH data amount information (5-bit TEBS, 4-bit HLID and 4-bit HLBS), 3-bit carrier number indicator, 5-bit SNPL and 5-bit UPH of the carrier indicated by the 3-bit carrier number indicator. The binary value of the 3-bit carrier number indicator indicates the carrier number.
Table 2: SI format 2 of MC-HSUPA UE

	TEBS

(5 bits)
	HLID

(4 bits)
	HLBS

(4 bits)
	Carrier Number Indicator

(3 bits)
	SNPL

(5 bits)
	UPH

(5 bits)


Under the scenario when an MC-HSUPA UE decides to send the SNPL and UPH of the selected carrier to NodeB, if the UE has no E-RUCCH or no grant on the selected carrier, the UE can select SI format 2 to send the organized SI to NodeB on another carrier with E-RUCCH or with grant.
(3) SI format 3: 13-bit E-DCH data amount information (5-bit TEBS, 4-bit HLID and 4-bit HLBS), SNPL field and UPH field.

In the SNPL field, the UE reports the SNPL of each sub-carrier set it belongs to according to the ascending order of the number of the sub-carrier set. 
In the UPH field, the UE reports the UPH of each carrier according to the ascending order of the carrier number.
Table 3: SI format 3 of MC-HSUPA UE

	TEBS

(5 bits)
	HLID

(4 bits)
	HLBS

(4 bits)
	SNPL field
	UPH field


SI format 3 can be applied to the UE with no more than 3 carriers. When the UE decides to send the SNPL and UPH of each carrier to NodeB in MAC-e/MAC-i PDU, it can select SI format 3 to send the organized SI to NodeB.

For the K-carrier UE with 
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, if its carriers belong to M sub-carrier sets, the SNPL field of its SI has 5M bits. The UPH field of its SI has 5K bits.
(4) SI format 3a: 13-bit E-DCH data amount information (5-bit TEBS, 4-bit HLID and 4-bit HLBS), SNPL field, 1-bit indicator, Carrier number field, UPH field1, UPH field2
In the SNPL field, the UE reports the SNPL of each sub-carrier set it belongs to according to the ascending order of the number of the sub-carrier set. 
If the UE has 3 or more carriers in the open-loop power control, the 1-bit indicator is set as 1 to indicate the availability of both the carrier number field and UPH field 2. 

If the UE has less than 3 carriers in the open-loop power control, the 1-bit indicator is set as 0 to indicate the absence of both the carrier number field and UPH field 2.

When the indicator is set as 1, the UE will report the UPH of each carrier in the close-loop power control in UPH field 1 according to the ascending order of the carrier number while when the indicator is set as 0, the UE will report the UPH of each carrier in UPH field 1 according to the ascending order of the carrier number.
The K-bit carrier number field is used with the k-th left most bit for the k-th carrier. In detail, the k-th left most bit is set as 1 when the k-th carrier is in the close-loop power control while the k-th left most bit is set as 0 when the k-th carrier is in the open-loop power control.

The UE uses UPH field 2 to report the UPH of the carrier with the minimum carrier number among the carriers in the open-loop power control.

Table 3a: SI format 3a of MC-HSUPA UE

	TEBS

(5 bits)
	HLID

(4 bits)
	HLBS

(4 bits)
	SNPL field
	indicator

(1 bit)
	Carrier Number field
	UPH field 1
	UPH field 2
(5 bits)


SI format 3a can be applied to the UE with more than 3 carriers. When the UE decides to send to NodeB the SNPL and UPH of each carrier in MAC-e/MAC-i PDU, the UE can use SI format 3a to send the organized SI to NodeB.

For the K-carrier UE with
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, if its carriers belong to M sub-carrier sets, the SNPL field of its SI has 5M bits. If the carrier number field is available, it has K bits. If UPH field 2 is available, it has 5 bits. If the indicator is set as 1 and the UE has U carriers in the close-loop power control, UPH field 1 of its SI has 5U bits. If the indicator is set as 0, UPH field 1 of its SI has 5K bits.
(5) SI format 3b: 13-bit E-DCH data amount information (5-bit TEBS, 4-bit HLID and 4-bit HLBS), entire SNPL field, entire UPH field
When the UE is triggered to send the SI on E-RUCCH and decides to send the SNPL and UPH of each carrier to NodeB, the UE can use SI format 3b to send the organized SI to NodeB.
In the entire SNPL field, the UE reports the SNPLs of the V sub-carrier sets of the cell according to the ascending order of the sub-carrier set number. If the UE has no carrier in the v-th sub-carrier set of the cell, the SNPL of the v-th sub-carrier set is randomly set.
In the entire UPH field, the UE reports the UPHs of the X carriers according to the ascending order of the carrier number. If the UE has K <X carriers, the UPH of the x-th carrier with x>K is randomly set.

Table 3b: SI format 3b of MC-HSUPA UE

	TEBS

(5 bits)
	HLID

(4 bits)
	HLBS

(4 bits)
	Entire SNPL

(5 bits)
	Entire UPH

(5 bits)


For the different values of X, SI format 3b can be divided into several sub-formats.

When X takes the unique value of 6, there is only one SI format 3b.

When X takes the values of 3 and 6, SI format 3b can be further divided into two sub-formats.

Based on the above discussion on the SI formats, the following proposal is suggested.

Proposal 6: There exist the different SI reporting scenarios for an MC-HSUPA UE. The different SI formats should be defined for the different SI reporting scenarios.
Proposal 7: The above SI formats are suggested for an MC-HSUPA UE. Among the above SI formats, SI format 1, SI format 2 and SI format 3b are defined for the SI reporting on E-RUCCH. SI format 1, SI format 2, SI format 3, SI format 3a are defined for the SI reporting in MAC-e/MAC-i PDU, where SI format 3 is only for an UE with no more than 3 carriers while SI format 3a is only for an UE with more than 3 carriers.
4 Conditions for SI reporting of MC-HSUPA UE
NodeB will use the SI of a single-carrier HSUPA UE to allocate the suitable E-PUCH resource to the UE. Therefore, the single-carrier HSUPA UE is triggered to send the SI to NodeB under the definite conditions which are listed in section 11.9.1.5 in 3GPP TS 25.321. For the same reason, an MC-HSUPA UE is required to send the SI to NodeB. The conditions that trigger a single-carrier HSUPA UE to send the SI to NodeB can be directly applied to an MC-HSUPA UE. Therefore, the following proposal is suggested in the document.
Proposal 8: An MC-HSUPA UE will be triggered to send the SI to NodeB under the same conditions as a single-carrier HSUPA UE. Whether or not there exist other conditions for an MC-HSUPA UE to send the SI to NodeB is for FFS.
5 SI reporting manners of MC-HSUPA UE
A single-carrier HSUPA UE will send the SI to NodeB on E-RUCCH or in MAC-e/MAC-i PDU. Similarly an MC-HSUPA UE will send the SI to NodeB on E-RUCCH or in MAC-e/MAC-i PDU. Therefore, the following proposal is suggested.

Proposal 9: An MC-HSUPA UE will send the SI to NodeB on E-RUCCH or in MAC-e/MAC-i PDU.
In detail, when a single-carrier UE is triggered to send the SI on E-RUCCH on some conditions, an MC-HSUPA UE is triggered to send the SI on E-RUCCH on the same conditions. When a single-carrier UE is triggered to send the SI in MAC-e/MAC-i PDU on the other conditions, an MC-HSUPA UE is triggered to send the SI in MAC-e/MAC-i PDU on the same other conditions.
An MC-HSUPA UE may have the different E-RUCCHs on the different carriers. For example, an MC-HSUPA UE supports six HSUPA carriers and has E-RUCCH on each carrier. Under such a case, how to send the SI on E-RUCCH will be discussed in section 6. Similarly, an MC-HSUPA UE may be allocated the grants on the different carriers. Under such a case, how to send the SI in MAC-e/MAC-i PDU will be studied in section 7.
6 SI reporting on E-RUCCH
When an MC-HSUPA UE is triggered to send the SI on E-RUCCH, it has the following three methods to send the SI to NodeB on E-RUCCH.
Mehod 1: When triggered to send the SI on E-RUCCH, an MC-HSUPA UE will select one carrier among all the carriers having E-RUCCH and then start the E-RUCCH procedure on the selected carrier to send to NodeB the SI of the selected carrier, where only SI format 1 is supported. Such a carrier can be selected according to the following rules. Rule 3 is recommended.
· Rule 1: Such a carrier can be selected randomly.

· Rule 2: Select the carrier with the minimum close-loop Pe-base. If more than one carriers have the minimum close-loop Pe-base, select the carrier with both the minimum close-loop Pe-base and the maximum SNPL. If no carrier has the close-loop Pe-base, select the carrier with the minimum open-loop Pe-base. If more than one carriers have the minimum open-loop Pe-base, select the carrier with both the minimum open-loop Pe-base and the maximum SNPL.

· Rule 3: Select the carrier with the minimum E-PUCH interference to the neighboring cells. The E-PUCH of each carrier will create the same-frequency interference to the neighboring cells. Evaluate the interference created by the E-PUCH on each carrier and then select the carrier with the minimum same-frequency interference to the neighboring cells, where the same-frequency interference created by the E-PUCH on each carrier can be evaluated as Pe-base of the E-PUCH minus the SNPL of the corresponding carrier.
The SNPL and UPH of the other carriers than the selected carrier will be sent to NodeB in MAC-e/MAC-i PDU after the E-RUCCH procedure on the selected carrier.
Method 2: The SI of an MC-HSUPA UE will be divided into several segments and sent to NodeB segment by segment. Method 2 supports SI format 3b. 

When the SI is organized according to SI format 3b, the bit number of the SI is greater than 23 bits. E-RUCCH can only carry 39 bits to NodeB in each E-RUCCH TTI. Therefore, if E-RUCCH is not modified, the SI of an MC-HSUPA UE should be divided into n segments with the first segment of 23 bits and each other segment of at most 39 bits. The UE needs n E-RUCCH TTIs to send to NodeB the SI segment by segment. Because the SI of the UE has the largest length of 13+5*6+5*6=73 bits, the SI of the UE can divided into at most N segments with N=3.
The SYNC-UL sequences for the E-RUCCH access can be divided into N sub-groups. When the UE divides its SI into n segments, it will select one SYNC-UL in the n-th sub-group and then select one carrier among the carriers with E-RUCCH according to the rules listed below. Rule 2 is recommended.
· Rule 1: Such a carrier can be selected randomly.

· Rule 2: Select the carrier with the minimum E-RUCCH interference to the neighboring cells. The E-RUCCH on each carrier will create the same-frequency interference to the neighboring cells. Evaluate the interference created by the E-RUCCH on each carrier and then select the carrier with the minimum same-frequency interference to the neighboring cells, where the same-frequency interference created by E-RUCCH on some carrier can be evaluated as the E-RUCCH transmission power of the corresponding carrier minus the SNPL of the corresponding carrier.

The UE will send the selected SYNC-UL on the selected carrier to NodeB. When NodeB detects a SYNC-UL in the n-th sub-group on the selected carrier, NodeB shall allocate n consecutive E-RUCCH TTI on the selected carrier to the UE. The UE will send the n segments of its SI to NodeB in the n consecutive E-RUCCH TTI on the selected carrier, with the i-th segment sent in the i-th E-RUCCH TTI, where i=1,……,n. The E-RNTI of the UE will be sent in the first E-RUCCH TTI with the first segment of the SI of the UE.
Method 3: When an MC-HSUPA UE is triggered to send the SI on E-RUCCH, the UE can select one SI format. The UE will organize its SI according to the selected SI format. Then UE will send the SI and its E-RNTI on E-RUCCH on the selected carrier, where the SI formats defined in section 3 for E-RUCCH are supported.
When the UE selects SI format 1, the UE will send the SI on the E-RUCCH of the carrier whose SNPL and UPH are included in the SI. When the UE selects SI format 2 or SI format 3b, then UE needs to select one carrier according to the same rules listed above for method 2. Then the UE will send its SI to NodeB on the E-RUCCH on the selected carrier according to one of the following two manners.
· The SYNC-UL sequences for the E-RUCCH access will be divided into L sub-groups, where L represents the number of the SI formats for E-RUCCH. When the UE selects the l-th SI format, it will select one SYNC-UL sequence in the l-th sub-group and send the selected SYNC-UL sequence on the selected carrier to NodeB. The UE informs NodeB of the SI format it uses through the signature sequence in the l-th sub-group.
· The UE randomly selects one SYNC-UL sequence among the SYNC-UL sequences for the E-RUCCH access on the selected carrier. When NodeB receives the E-RUCCH sent by the UE, NodeB shall decide which SI format the UE uses through the blind detection of the L SI formats.
Proposal 10: The method for the SI reporting on E-RUCCH should be selected among the above three methods. Method 1 is recommended for simplification whilie Method 3 is recommended for the maximum SI information amount for the optimal initial scheduling of the UE on all possible carriers. The blind detection in NodeB is recommended for method 3.
7 SI reporting in MAC-e/MAC-i PDU
When a single-carrier HSUPA UE is triggered to send the SI in MAC-e/MAC-i PDU, it can send the SI along with the MAC-e/MAC-i PDU or exclusively. Compared with a single-carrier HSUPA UE, an MC-HSUPA UE has the following differences in sending the SI to NodeB in MAC-e/MAC-i PUD.
(1) Several SI formats are defined in section 3 for an MC-HSUPA UE to send the SI in MAC-e/MAC-i under the different SI reporting scenarios.
(2) When an MC-HSUPA UE is triggered to send the SI to NodeB in MAC-e/MAC-i PDU, it should select one SI format according to the current SI reporting scenario and organize its SI according to the selected SI format.
(3) The SI of an MC-HSUPA UE may have the length more than 23 bits, therefore the UE should select one carrier among the carriers whose grant can support the length of the SI. If there exist several carriers satisfying the grant requirement, select one carrier randomly. If such carrier is absent, the UE can randomly select one carrier among the carriers with the grant and then send the SI of SI format 1 for the selected carrier to NodeB in MAC-e/MAC-i PDU on the selected carrier.
In order for an MC-HSUPA UE to send the different SI formats to NodeB, the SI format type field should be inserted in MAC-e/MAC-i PUD to indicate the SI format of the SI attached. Therefore, the following proposal is suggested. 
Proposal 11: The SI format type field should be inserted in MAC-e/MAC-i PDU to indicate to NodeB the SI format of the SI attached.
8 Conclusion
The SI reporting of an MC-HSUPA UE is studied in detail. Based on the detailed studies on the SI reporting of an MC-HSUPA UE, the following proposals are suggested in the document.

Proposal 1: The SI of an MC-HSUPA UE consists of the following items:

(1) 13-bit E-DCH data amount information: 5-bit TEBS, 4-bit HLID and 4-bit HLBS

(2) carrier information: 5-bit SNPL and 5-bit UPH of each configured carrier by UTRAN to an MC-HSUPA UE

Proposal 2: RNC divides the carriers in a cell into several sub-carrier sets, with the carriers in each sub-carrier set having the same intra-frequency neighboring cell list. An MC-HSUPA UE is only required to report the SNPL of each sub-carrier set it belongs to.
Proposal 3: For the UE with more than 3 HSUPA carriers, if it has 3 or more carriers in the open-loop power control, it’s only required to send to NodeB the UPH of each carrier in the close-loop power control and the UPH of one carrier in the open-loop power control.
Proposal 4: For an MC-HSUPA UE with more than 3 HSUPA carriers, RNC should configure the desired E-PUCH received power of each carrier to the UE.

Proposal 5: For one carrier in the open-loop power control, NodeB is capable of using the desired E-PUCH received power of the carrier and the path loss to derive the UPH of the carrier.
Proposal 6: There exist the different SI reporting scenarios for an MC-HSUPA UE. The different SI formats should be defined for the different SI reporting scenarios.

Proposal 7: The above SI formats are suggested for an MC-HSUPA UE. Among the above SI formats, SI format 1, SI format 2 and SI format 3b are defined for the SI reporting on E-RUCCH. SI format 1, SI format 2, SI format 3, SI format 3a are defined for the SI reporting in MAC-e/MAC-i PDU, where SI format 3 is only for an UE with no more than 3 carriers while SI format 3a is only for an UE with more than 3 carriers.
Proposal 8: An MC-HSUPA UE will be triggered to send the SI to NodeB under the same conditions as a single-carrier HSUPA UE. Whether or not there exist other conditions for an MC-HSUPA UE to send the SI to NodeB is for FFS.
Proposal 9: An MC-HSUPA UE will send the SI to NodeB on E-RUCCH or in MAC-e/MAC-i PDU.
Proposal 10: The method for the SI reporting on E-RUCCH should be selected among the above three methods. Method 1 is recommended for simplification while Method 3 is recommended for the maximum SI information amount for the optimal initial scheduling of the UE on all possible carriers. The blind detection in NodeB is recommended for method 3.
Proposal 11: The SI format type field should be inserted in MAC-e/MAC-i PDU to indicate to NodeB the SI format of the SI attached.
9 Annex

For the UE with K HSUPA carriers, when it has P carriers in the open-loop power control, only reporting the UPH of one carrier in the open-loop power control can save Q bits. The Q values under the different cases are listed in the following table.
Table 4 Reduction of SI information amount under different cases
	
	P=1
	P=2
	P=3
	P=4
	P=5
	P=6

	Q for K=3
	-4
	1
	6
	
	
	

	Q for K=4
	-5
	0
	5
	10
	
	

	Q for K=5
	-6
	-1
	4
	9
	14
	

	Q for K=6
	-7
	-2
	3
	8
	13
	18
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