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1
Introduction

With the explosion of smartphone traffic in UMTS networks, it is now important to focus on improving link efficiency, user experience and system capacity in the CELL_FACH state. For this purpose, a work item was approved in RAN#51 [1], for further enhancements to CELL_FACH.  One uplink related improvement listed in the WI is on signalling based interference control in CELL_FACH. In this contribution, we propose a E-AICH based mechanism to perform load balancing on the uplink for UEs in the CELL_FACH state. 

2. Uplink Interference Control through load balancing in CELL_FACH
In CELL_FACH, there could be circumstances where the cell and frequency that the UE is currently camped on could become temporarily overloaded (either all E-DCH resources are occupied or the uplink RoT measured is very high). When this happens, the NodeB is forced to send a NACK to the UE. However, the UE would try uplink access on the same cell again. In such cases, it could be preferable to initiate uplink PRACH access on a different cell or different frequency to prevent the UE from accessing the loaded cell again. For this purpose, we propose an E-AICH based mechanism to perform dynamic load balancing of CELL_FACH UEs on the uplink
3. Mechanism of Dynamic uplink load balancing in CELL_FACH

This section describes an E-AICH based dynamic loading balancing of CELL_FACH users. The network can indicate through the SIB if it supports redirection of the UE to another carrier/cell through E-AI signalling for uplink load balancing. 

Proposal 1: A one bit flag is broadcast as part of SIB5 to indicate if this feature is supported.

We list 2 candidate options for performing AICH based load balancing.
3.1 Candidate Option 1

A reserved value of E-AI can be used to indicate to the UE to redirect to a different frequency or cell. When less than maximum value of E-DCH’s are configured in the cell (32),  multiple EAI’s map to the same E-DCH resource. From [2], the EAI to resource configuration mapping table is shown in Table 1 below (where X is the Default E-DCH resource index, Y is the total number of E-DCH resources configured in the cell). If Y<32, there will be at least 2 EAI’s that map to the same E-DCH resource. In such a case, one of the E-AIs (which will be reserved exclusively for E-AICH based load balancing) can be re-interpreted to mean NACK on the current cell/frequency but subsequent PRACH accesses should be on another cell or frequency. When all Y=32 resources are supported by a cell, it will only be possible to assign each UE with 31 resources if one of the E-AI value is reserved (Note that it is still possible to use all 32 resources in a cell since the blocked resource will be different for different UEs depending on the PRACH access signature).
Table 1: EAI and resource configuration mapping for Rel-8 Enhanced Uplink in CELL_FACH
	EAIs’
	Signature

s’
	E-DCH Resource configuration index

	+1
	0
	NACK

	-1
	
	(X + 1) mod Y

	+1
	1
	(X + 2) mod Y

	-1
	
	(X + 3) mod Y

	+1
	2
	(X + 4) mod Y

	-1
	
	(X + 5) mod Y

	+1
	3
	(X + 6) mod Y

	-1
	
	(X + 7) mod Y

	+1
	4
	(X + 8) mod Y

	-1
	
	(X + 9) mod Y

	+1
	5
	(X + 10) mod Y

	-1
	
	(X + 11) mod Y

	+1
	6
	(X + 12) mod Y

	-1
	
	(X + 13) mod Y

	+1
	7
	(X + 14) mod Y

	-1
	
	(X + 15) mod Y

	+1
	8
	(X + 16) mod Y

	-1
	
	(X + 17) mod Y

	+1
	9
	(X + 18) mod Y

	-1
	
	(X + 19) mod Y

	+1
	10
	(X + 20) mod Y

	-1
	
	(X + 21) mod Y

	+1
	11
	(X + 22) mod Y

	-1
	
	(X + 23) mod Y

	+1
	12
	(X + 24) mod Y

	-1
	
	(X + 25) mod Y

	+1
	13
	(X + 26) mod Y

	-1
	
	(X + 27) mod Y

	+1
	14
	(X + 28) mod Y

	-1
	
	(X + 29) mod Y

	+1
	15
	(X + 30) mod Y

	-1
	
	(X + 31) mod Y


When the UE receives the chosen E-AI, the inter frequency cell reselection procedure is triggered. The UE would then reselect to a different frequency or a cell, acquire the SIBs on the new cell/frequency and then perform a random access procedure on the new cell/frequency. The UE would not be allowed to re-select to the same initial cell (the cell corresponding to the received reserved E-AI) after the reselection process even if the initial cell happens to be the best downlink cell. In this case, the UE would reselect to the next best downlink cell.

In Table 2, the new proposed E-AI to resource configuration mapping is shown where the last row is used to indicate a NACK on current cell and to instruct the UE to PRACH on a different cell/carrier. Table 2 would be used if the cell indicates support of dynamic load balancing using the flag indicated in SIB5. If the flag is 0, Rel-8 based Table 1 would be used.
Proposal 2a: Flag signaled as part of SIB5 (in proposal 1) will be used by the UE to select the EAI and resource configuration mapping table. 

Proposal 3a: Use row corresponding to signature 15 and E-AI=-1 from the E-AI to resource configuration mapping table to trigger the inter-frequency reselection procedure at the UE.

Proposal 4a: If the winner cell of the inter frequency reselection procedure is the same cell from where this E-AI was sent, the UE shall reselect to the next best cell. 

Table 2: EAI and resource configuration mapping for Rel-11 Enhanced Uplink in CELL_FACH (candidate option 1)
	EAIs’
	Signature

s’
	E-DCH Resource configuration index

	+1
	0
	NACK

	-1
	
	(X + 1) mod Y

	+1
	1
	(X + 2) mod Y

	-1
	
	(X + 3) mod Y

	+1
	2
	(X + 4) mod Y

	-1
	
	(X + 5) mod Y

	+1
	3
	(X + 6) mod Y

	-1
	
	(X + 7) mod Y

	+1
	4
	(X + 8) mod Y

	-1
	
	(X + 9) mod Y

	+1
	5
	(X + 10) mod Y

	-1
	
	(X + 11) mod Y

	+1
	6
	(X + 12) mod Y

	-1
	
	(X + 13) mod Y

	+1
	7
	(X + 14) mod Y

	-1
	
	(X + 15) mod Y

	+1
	8
	(X + 16) mod Y

	-1
	
	(X + 17) mod Y

	+1
	9
	(X + 18) mod Y

	-1
	
	(X + 19) mod Y

	+1
	10
	(X + 20) mod Y

	-1
	
	(X + 21) mod Y

	+1
	11
	(X + 22) mod Y

	-1
	
	(X + 23) mod Y

	+1
	12
	(X + 24) mod Y

	-1
	
	(X + 25) mod Y

	+1
	13
	(X + 26) mod Y

	-1
	
	(X + 27) mod Y

	+1
	14
	(X + 28) mod Y

	-1
	
	(X + 29) mod Y

	+1
	15
	(X + 30) mod Y

	-1
	
	NACK and redirect


3.2 Candidate Option 2

In candidate option 2, it is possible to explicitly indicate to the UE which frequency and which PSC it should reselect to. Multiple E-AIs from Table 1 can be reserved to indicate to the UE which carrier and which PSC the UE should reselect to. For supporting uplink load balancing of up to 4 carriers, 4 values of E-AI will have to be reserved. 

Under option 2, Table3 will be used if the cell indicates support of dynamic load balancing using the flag indicated in SIB5. If the flag is 0, Rel-8 based Table 1 will be used. The value of frequency and PSC for each corresponding E-AI that is reserved under candidate option 2 is indicated to the UE via SIB5. 
Proposal 2b: Flag signaled as part of SIB5 (in proposal 1) will be used by the UE to select the EAI and resource configuration mapping table. 

Proposal 3b: Use rows corresponding to signature 14: E-AI=+1,-1 and signature 15: E-AI=+1,-1 from the E-AI to resource configuration mapping table to indicate the frequency and PSC of the cell that the UE should reselect to.

Proposal 4b: The mapping of the reserved E-AIs to the cell frequency and PSC is sent as part of SIB5.
Table 3: EAI and resource configuration mapping for Rel-11 Enhanced Uplink in CELL_FACH (candidate option 2)

	EAIs’
	Signature

s’
	E-DCH Resource configuration index

	+1
	0
	NACK

	-1
	
	(X + 1) mod Y

	+1
	1
	(X + 2) mod Y

	-1
	
	(X + 3) mod Y

	+1
	2
	(X + 4) mod Y

	-1
	
	(X + 5) mod Y

	+1
	3
	(X + 6) mod Y

	-1
	
	(X + 7) mod Y

	+1
	4
	(X + 8) mod Y

	-1
	
	(X + 9) mod Y

	+1
	5
	(X + 10) mod Y

	-1
	
	(X + 11) mod Y

	+1
	6
	(X + 12) mod Y

	-1
	
	(X + 13) mod Y

	+1
	7
	(X + 14) mod Y

	-1
	
	(X + 15) mod Y

	+1
	8
	(X + 16) mod Y

	-1
	
	(X + 17) mod Y

	+1
	9
	(X + 18) mod Y

	-1
	
	(X + 19) mod Y

	+1
	10
	(X + 20) mod Y

	-1
	
	(X + 21) mod Y

	+1
	11
	(X + 22) mod Y

	-1
	
	(X + 23) mod Y

	+1
	12
	(X + 24) mod Y

	-1
	
	(X + 25) mod Y

	+1
	13
	(X + 26) mod Y

	-1
	
	(X + 27) mod Y

	+1
	14
	Frequency F1, PSC: P1

	-1
	
	Frequency F2, PSC: P2

	+1
	15
	Frequency F3, PSC: P3

	-1
	
	Frequency F4, PSC: P4


3.
Conclusions

In this contribution, an E-AI based mechanism is described to perform dynamic uplink load balancing. Two candidate methods are described.
Proposal 1: A one bit flag is broadcast as part of SIB5 to indicate if this feature is supported.
Candidate Option 1:
Proposal 2a: Flag signaled as part of SIB5 (in proposal 1) will be used by the UE to select the EAI and resource configuration mapping table. 

Proposal 3a: Use row corresponding to signature 15 and E-AI=-1 from the E-AI to resource configuration mapping table to trigger the inter-frequency reselection procedure at the UE.

Proposal 4a: If the winner cell of the inter frequency reselection procedure is the same cell from where this E-AI was sent, the UE will reselect to the next best cell. 

Candidate Option 2:
Proposal 2b: Flag signaled as part of SIB5 (in proposal 1) will be used by the UE to select the  EAI and resource configuration mapping table. 

Proposal 3b: Use rows corresponding to signature 14: E-AI=+1,-1 and signature 15: E-AI=+1,-1 from the E-AI to resource configuration mapping table to indicate the frequency and PSC of the cell that the UE should reselect to.

Proposal 4b: The mapping of the reserved E-AIs to the cell frequency and PSC is sent as part of SIB5.
We propose that RAN1 discusses the pros and cons of Option 1 and Option 2 and agrees on one of the above option.
4.
References

[1] RP-110436, “Further Enhancements to CELL_FACH”, WID
[2] 3GPP TS 25.211, Physical channels and mapping of transport channels onto physical channels
