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1
Introduction
In recent meetings, the enhanced CELL_FACH operation by utilising the HSDPA has been discussed in contributions [1], [2] and [3]. In addition, enhancements to L2 protocols have been discussed to support higher bitrates for the HSDPA, when introducing 64QAM and MiMo to UTRAN physical layer in Rel7. In this contribution we discuss different L2 architecture options and UE operation in enhanced CELL_FACH state, and propose L2 to architecture for CELL_FACH compatible with proposed enhancements for L2 in CELL_DCH state.
2
L2 architecture
2.1
Solution 1

When considering L2 architecture for CELL_FACH state utilising HS-DSCH, the most straightforward architecture is to consider the MAC-c PDU as it is defined in Rel99 as MAC-hs SDU. In this option the HS-SCCH is used with common H-RNTI to indicate this type of transmission and all UEs in CELL_FACH state associated to the used common H-RNTI will decode the HS-DSCH and identify if the data is for them from the MAC-c header. This L2 architecture is presented in Figure 1. 

Even though, this design would be straightforward and minimises the changes in MAC-d and MAC-c protocols, the drawback of it is the increased protocol overhead, as the MAC-hs header 21 bits is required on top of Rel99 headers. In overhead calculations this is architecture is marked as: solution 1
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Figure 1: Multiplexing and L2 PDU structure based on Rel99 definitions

2.2
Solution 2

When considering the fact of increased L2 protocol overhead, requirement of the work item to optimise the state transition to CELL_DCH state and the fact that new WI for enhancing the L2 for supporting the higher bitrates was approved in previous TSG-RAN meeting [6], one could consider optimising the L2 architecture for CELL_FACH state presented in Figure 1.

The first step of optimising the L2 protocol headers is to consider are all multiplexing functions in MAC-d, MAC-c, and MAC-hs necessary. As in contributions [4] and [5], where views for supporting higher bitrates in CEL_DCH state were discussed, the MAC-d multiplexing was seen redundant as MAC-hs can perform same function. In our view the MAC-d multiplexing can be seen redundant also in CELL_FACH state as same function can be performed in MAC-hs. In addition the MAC-d header was seen problematic for MAC-hs segmentation. As the flexible RLC PDU size and MAC-hs segmentation is to be introduced for CELL_DCH state, the benefits avoiding L2 reconfiguration and perform segmentation based on L1 requirement would be beneficial also in CELL_FACH state. 
When considering the Rel99 MAC-c header the main part of it is the UE-id and UE-id type fields. As the C-RNTI is 16 bits in the MAC-c header and the size of the H-RNTI field in HS-SCCH is 16 bits, the CELL_FACH state operation could be defined so that when UE has valid C-RNTI it detects C-RNTI directly from HS-SCCH removing the need for UE id in MAC-c header. Multiple UEs in CELL_FACH could be still addressed by HS-SCCH multiplexing in one HSDPA TTI as in Rel5 UEs in CELL_DCH state. The TCTF-field would not be necessary if the logical channel ID in the MAC-hs header indicates also the CCCH, DCCH, and DTCH. 
From Iub point view this solution would still utilise single Iub frame protocol connection for multiple UEs between RNC and Node B but would require C-RNTI and logical channel id to be carried over Iub to Node B with data. Depending on network configuration there could be one or several Iub frame protocol connections for UEs in CELL_FACH state as today’s FACH transport channels. This could be achieved by updating the HS-DSCH FP, but different FP solutions should be further investigated by RAN3.
The Figure 2 presents the proposed multiplexing and PDU structure for the enhanced CELL_FACH state. The MAC-d and MAC-c protocols are null protocols without any protocol headers. The MAC-hs protocol header structures are present as one potential realisation for CELL_FACH state and CELL_DCH state in enhanced L2 operation, which can be defined to be identical for CELL_FACH and CELL_DCH state. The MAC-hs protocol header supports: identification of the logical channel (logical channel id), reordering (TSN), and MAC-hs segmentation (length and SC). 

The multiplexing of multiple priorities in one MAC-hs header can be supported by repeating the MAC-hs header in MAC-hs PDU, if the Transport block size is larger than the size indicated by the first length. Similar manner multiple MAC-hs SDUs from one logical channel could be included in single MAC-hs PDU but different optimisations for reducing L2 overhead by avoiding the repetition of logical channel ID and TSN could be considered. 
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Figure 2: L2 PDU structure optimising MAC-c and MAC-hs headers and allowing segmentation

The L2 architecture presented in Figure 2 can be used for different logical channels as presented in Figure 3. When UE does not have valid C-RNTI the UE is waiting to receive either CCCH message on SRB#0 (RRC Connection Setup or Reject) or SRB#1 message (Cell Update Confirm). In this case the UE would use the common H-RNTI value received from the SIB. As in the CCCH message on SRB#0, the UE id is on RRC level the L2 protocol structure can be identical compared to L2 protocol header structured used for SRB#2-4 and RBs. On SRB#1 the U-RNTI is used to identify the UE on the MAC-hs header is proposed to include the U-RNTI, which would be only exceptional header structure. 
In both SRB#0 and SRB#1 the logical channel Id is proposed to be used for identify the logical channel and L2 protocol structure, i.e. presence of U-RNTI. In overhead calculations this is architecture is marked as: solution 2.
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Figure 3: L2 PDU structure optimising MAC-c and MAC-hs

2.3 Protocol overhead

In Table 1 and Table 2 the protocol overhead of RLC and MAC, in two different solutions are compared against Rel99 for different logical channels, with different message sizes. The solution 2, expects that MAC-hs segmentation is used with out SDU concatenation on AMD-RLC avoiding the use of length indicators in on AM-RLC. For RB both small and large IP packets are considered. Different header field sizes used in calculations are presented in Table 3. The calculation does not assume RLC or MAC-hs level padding.
Table 1 presents the overhead when CELL_FACH physical layer bit rates are moderate, Rel99 supporting 16.8 kbps for SRBs and 36 kbps for RBs with 10ms TTI. In solution 1, the HS-DSCH in CELL_FACH state uses same RLC PDU size resulting that transport block sizes are increased by MAC-hs header. The solution 2 uses MAC-hs same transport block sizes as solution 1. As the TTI 2ms the data rates are roughly 95 kbps for SRBs and 190 kbps for RBs.
Table 1: Overhead comparison for moderate bit rate in CELL_FACH 
	Logical channel
	Rel99- 
	Solution 1 
	Solution 2

	SRB#0 (payload 152bits) 
	10,5 %
(UMD RLC without need of LI)
	24,3 %
(No MAC-hs padding assumed)
	21 %

	SRB#1 (payload 120 bits)
	40 %
	57,5 %
	53,3 %

	SRB#2-4 with short RRC message (payload 128 bits)
	37,5 %
	53,9 %
	31,3 %

	SRB#2-4 with large RRC message (payload 640 bits)
	32,5 %
(RLC payload 128 bits)
	48.9 % 
(RLC payload 128 bits)
	21,3 %

	RB small IP packet (payload 320 bits)
	15 %
	21,6 %
	12,5 %

	RB middle size IP packet (payload 4096 bits)
	12,9 %

(RLC payload 320 bits)
	19,6 %

(RLC payload 320 bits)
	9,2 %
(RLC PDU size restricted to 1024 bits)

	RB large size IP packet (payload 12000 bits)
	12,7 %

(RLC payload 320 bits)
	19,4 %

(RLC payload 320 bits)
	9,2 %
(RLC PDU size restricted to 1024 bits)


Table 2 presents the overhead when CELL_FACH bit rate are improved compared to today’s FACH. It is assumed that if data rates on Rel99 FACH would be increased the number of transport blocks transmitted in one TTI is increased with fixed RLC PDU size and thus no reduction is achieved on L2 overhead. Additionally it is assumed that SRB#0, SRB#1 and SRB#2 with small message sizes would not obtain any L2 overhead reduction as complete message would fit into single TTI in data rate considered in Table 2. The same phenomena would also happen to RB with small individual IP packet and thus is not considered in Table 2. In calculations in Table 2 the HS-DSCH bit rate is assumed to be roughly 400kbps. 
Table 2: Overhead comparison for improved bit rate in CELL_FACH 

	Logical channel
	Rel99- 
	Solution 1 
	Solution 2

	SRB#2-4 with large RRC message (payload 640 bits)
	32,5 %

(RLC payload 128 bits)
	35,8 % 
(RLC payload 128 bits)
	6,3 %

	RB middle size IP packet (payload 4096 bits)
	12,9 %

(RLC payload 320 bits)
	16 %

(RLC payload 320 bits)
	5,1 %
(RLC PDU size restricted to 1024 bits)

	RB large size IP packet (payload 12000 bits)
	12,7 %

(RLC payload 320 bits)
	15,9 %

(RLC payload 320 bits)
	5,2 %

(RLC PDU size restricted to 1024 bits)


Table 3: Different sizes of the Header field (Rel7 field sizes are assumed)
	Field
	Size
	Comment

	UMD-RLC header
	8
	used for SRB#0-1

	AMD-RLC header
	16
	Used for SRB#2-4 and RBs

	RLC length
	8
	Both RLC modes

	C/T field
	4
	

	TCTF
	2 or 8
	DCCH/DTCH, or  CCCH

	UE-id type
	2
	

	UE id
	16 or 32
	C-RNTI, U-RNTI

	F1
	1
	MAC-hs Rel5

	N1
	7
	MAC-hs Rel5

	SID
	3
	MAC-hs Rel5

	TSN
	6
	MAC-hs Rel5/7

	Queue id
	3
	MAC-hs Rel5

	VF
	1
	MAC-hs Rel5/7

	MAC-hs length
	11
	MAC-hs Rel7

	Logical channel Id
	4
	MAC-hs Rel7

	SC
	2
	MAC-hs Rel7


2.4
Summary on L2 architecture
The protocol overhead calculations have shown that the solution 2 with optimised L2 protocol architecture is superior compared the solution 1 and it even reduces the layer 2 overhead significantly compared to Rel99. In addition following benefits can be identified for the solution 2: 
1) The L2 PDU structures can be identical in CELL_FACH state and CELL_DCH state avoiding reconfiguration of RLC and MAC during state transition. 

2) UE can decode MAC-hs PDU during state transition from CELL_FACH to CELL_DCH state enabling seamless state transition as PDU format does not change as UE can receive MAC-hs PDU in CELL_DCH state which was processed in UTRAN when UE was in CELL_FACH state. 

3) Layer 2 protocol overhead is optimised and flexible RLC PDU size and MAC-hs segmentation are introduced for CELL_FACH state also.
4) The L2 architecture in CELL_FACH state can be made identical to CELL_DCH state reducing the implementation efforts of these new features

3
UE operation
In this section the UE operation is described when optimised L2 architecture from section 2.2 is selected for CELL_FACH state. 
UTRAN indicates the usage of HSDPA in CELL_FACH state by including HS-SCCH, HS-DSCH configuration and common H-RNTI in the system information broadcast. In this case the UE supporting Enhanced CELL_FACH state shall only utilize this configuration and ignore S-CCPCH and FACH configurations indicated in SIB5. UTRAN obtains the knowledge of the UE supporting the enhanced CELL_FACH state from RRC Connection Request from the indication that the UE supports Rel7, as it is expected that enhanced CELL_FACH state is mandatory Rel7 feature, otherwise extra capability bit is needed. 
When UE does not have RRC connection or not valid C-RNTI the UE monitors common H-RNTI on HS-SCCH as configured in SIB. If UE detects the common H-RNTI, the UE decodes the corresponding HS-DSCH and in case of RRC connection setup/reject message the UE id is received from the RRC message as today. If UE has performed Cell update and waits Cell Update Confirm message the U-RNTI is in MAC PDU header as presented in section 2.2.
When UE has RRC connection and valid C-RNTI the UE monitors UE dedicated H-RNTI value on HS-SCCH. This dedicated H-RNTI value is signalled together with C-RNTI which actually can be defined to be the dedicated H-RNTI value, i.e. only C-RNTI is needed. All signalling on SRB#2-4 and can utilise this operation as well as RBs.
In uplink the RACH with Rel99 PDU structures is used for uplink transmissions as defined in Rel99. 

During the state transition from CELL_FACH to CELL_DCH the H-RNTI can remain unchanged during state transition and UE keeps monitoring the HS-SCCH when performing uplink synchronisation procedure. This allows constant downlink reception during state transitions. 
4
Conclusion
In this contribution, potential L2 architectures for enhanced CELL_FACH state with PDU structures have been presented. It was shown that flexible RLC PDU size and MAC-hs segmentation are also beneficial for Enhanced CELL_FACH state as well as enhanced L2 in CELL_DCH state for supporting higher bit rates. 

Therefore it is proposed to agree that both enhanced CELL_FACH and enhanced L2 supporting higher bitrates uses same L2 architecture PDU structures. Additionally it is proposed to discuss and agree on proposed architecture in section 2.2 and continue further discussions on MAC-hs protocol header details. 
The draft stage-2 CR is provided in R2-070070 to capture this architecture. 
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