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1 Introduction
This contribution investigates the required L1 control signalling and possible downlink control channel structure. This contribution also discusses the timing issue especially with respect to the timing mismatch between uplink and downlink.
2 Required signalling
Downlink signalling for E-DCH consists of scheduling grants and HARQ ACK/NACK. And scheduling grants comprise absolute grant and relative grant.
· Absolute grant: absolute scheduling grant would be used for fast ramp up when a large amount of data occurs in a UE buffer or also for fast ramp down for fast release of the uplink resource.
· Relative grant: relative scheduling grant would be beneficial in terms of a small variance in noise rise and a small signalling overhead when the required data rate remains around a certain stable data rate.
· ACK/NACK: Indication of whether the Node B has correctly decoded the uplink transmission or not.

This section discusses the structure of each downlink signalling.
2.1 Absolute grant
· Information: Maximum allowed uplink resource in terms of the E-DCH TF index. and UE ID information is signalled. The proposed number of bits for maximum allowed uplink resource is 6 bits. UE ID length would be 16 in consistent with HSDPA. Additional information could be included in the absolute grant, e.g. valid period indication or valid process indication [3].
· Channel structure: absolute grant could be treated similarly as HS-SCCH. Inclusion of UE ID (in the form of UE specific CRC) is required. This channel is called E-SCCH (Enhanced Shared Control Channel). Figure 1 is illustrating the E-SCCH structure.
· Channel Coding: The number of total information bits is 8. UE specific CRC is attached to this information. Here, CRC length is equal to UE ID length (16 bits). After that, Rate 1/3 convolutional encoding would be performed for the above 24 bits. Rate matching function would match the number of coded bits to physical channel bits. 
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Figure 1: E-SCCH Structure
2.2 Relative grant
· Information: the relative grant is the scheduling grant which indicates the relative change of maximum allowed uplink resource with UP/DOWN/KEEP information. For this, 1 bit signalling is enough. 3-level decision is required in receiver side. In SHO, however, relative grant from non-primary Node B stands for only DOWN command, which might be transmitted to a UE in case that the currently occupied resource of the UE cannot be supported.
· Channel structure: the relative grant should be carried on a dedicated resource, which is quite similar to ACK/NACK. So, the relative grant can be treated similarly to ACK/NACK. Detailed structure is described in the next section with ACK/NACK.
2.3 ACK/NACK

· Information: Naturally, 1 bit information is enough for ACK/NACK transmission.
· Channel structure: In order to reduce the peak power of Node B, CDM approach with orthogonal sequences for ACK/NACK transmission on the same channelization code channel could be a suitable approach. And as mentioned in previous section, relative grant can have the same structure with ACK/NACK. So it is preferred that an orthogonal sequence (e.g. Hadamard sequence) is assigned for distinguishing each UE. I/Q multiplexing is applied for distinguishing ACK/NACK and relative grant of one UE. ACK/NACK is transmitted in I-channel and relative grant is transmitted in Q channel. The length of orthogonal code can be selected considering required power and maximum supportable number of UEs per cell. The physical channel for ACK/NACK and relative grant is called E-ARCH (Enhanced Ack/nack and Relative grant Channel). Detailed E-ARCH structure is shown in figure 2.
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Figure 2: Signalling of ACK/NACK (AN) and relative grant (RG) for multiple users 
using multiple orthogonal codes with I/Q multiplexing in a single code channel
3 Timing relation
3.1 2ms TTI
For 2ms TTI E-DCH, the duration of the control signalling should be also 2ms. E-SCCH and E-ARCH can be transmitted such that the start of the subframe#0 of E-SCCH and E-ARCH is aligned with the start of a P-CCPCH radio frame. The overall timing relation is illustrated in Figure 3.

Downlink signalling is time-aligned with P-CCPCH radio frame, but on the other hand, the E-DPDCH is time-aligned with existing DPCH which has timing offset (
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 between the subframe of downlink signalling and the E-DPDCH subframe.

So the relationship of ACK/NACK subframe and E-DPDCH subframe should be defined for the accurate HARQ operation, i.e. which ACK/NACK subframe is to be referred to by the E-DPDCH subframe #0 should be decided in advance. This is the same case with the scheduling. It is required to decide which subframe of scheduling grants is referred to by the E-DPDCH subframe #0. This problem can simply be solved by the following equation.
If the E-SCCH (or E-ARCH) subframe #k should be referred to by the E-DCH subframe #0, the k is selected by
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and it is assumed that UE processing time (
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) is equal to 2ms. Actually, UE processing time should be decided and specified as an arbitrary static value in advance. 2ms is enough for UE processing time. From the above equation, the DL subframe #0 is selected as the subframe which should be referred to by the E-DCH subframe #0 as shown with green colour in figure 3.
The remarkable meaning of this equation is that both UE and Node B can solve the equation since all the parameters in the equation are already known parameters in both entities. 
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Figure 3: Overall timing of downlink signalling.
3.2 10ms TTI
The DL signalling for 10ms TTI is preferred to be compatible with the case of 2ms TTI. And, it is also better to have 10ms length for the signalling in order to reduce the downlink power resource with the time diversity
For the absolute grant, it is not possible to satisfy both of the two recommendations. If we want to have the 10ms length of the absolute grant, separate E-SCCH channel should be defined for 10ms TTI UEs. This approach doesn’t seem good. The compatibility between 2ms TTI and 10ms TTI should be prior to the time diversity gain. So, it is proposed that the same structure of absolute grant should be used. The relationship between 2ms E-SCCH subframe and 10ms E-DPCH frame can be decided by the similar approach with the above 2ms TTI case. But, it is preferred for 10ms TTI E-DCH to refer to any subframe out of 10ms E-SCCH window. In other words, Node B can use any subframe inside the 10ms window for transmitting absolute grant to a 10ms TTI UE. This can give the Node B scheduler more flexibility in scheduling of both TTI lengths while not requiring more downlink code resource. In figure 3, the subframe window for 10ms TTI E-DCH is the duration from subframe #1 to subframe # 0 as shown in the left part of Figure 3.
However, for the relative grant and ACK/NACK transmission (E-ARCH), both properties can be achieved. The same code channel can be used for both TTIs if one orthogonal sequence is assigned to one UE regardless of TTI length. The orthogonal sequence of 2ms length is just repeated by 5 times for 10ms TTI. Furthermore, it can be possible to change the frame boundary of 10ms signalling by 2ms resolution, which can make the frame duration of 10ms signalling same to subframe window of E-SCCH. In figure 3, the ACK/NACK or relative grant for 10ms TTI E-DCH is transmitted from subframe #1 to subframe # 0 of the next radio frame which is same to the subframe window of E-SCCH.
4 Conclusion
We propose to adopt the downlink control signalling structure discussed above and to capture the text proposal below into TR 25.808 [2].

--------------------------- Start of text proposal part 1------------------------------- 
8.2
Physical Channel Structure for Control Signalling 

8.2.1
Downlink Control Signalling
8.2.1.1
Enhanced Shared Control Channel (E-SCCH)

The E-SCCH is a fixed rate (60 kbps, SF=128) downlink physical channel used to carry downlink signalling related to E-DCH transmission. Figure 8.x illustrates the subframe structure of the E-SCCH.
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Figure 8.x: structure for the E-SCCH

8.2.1.2
Enhanced ACK/NACK and Relative Grant Channel (E-ARCH)

The E-ARCH is a fixed rate (60 kbps, SF=128) downlink physical channel used to carry downlink signalling related to E-DCH transmission. Figure 8.y illustrates the subframe structure of the E-ARCH. 
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Figure 8.y: Structure for the E-ARCH

The real-valued symbols a0, a1, …, a59 and r0, r1, …, r59 in figure 8.y are given by


, 
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,where ANs, taking the values +1 and -1, is the ACK/NACK indicator and RGs, taking the values +1, -1, and 0 is the relative grant. Corresponding sequence bs,0, …, bs,59 is the orthogonal sequence whose length is 60. The sequence index is signalled by higher layer.
8.2.2
Timing Relation
8.2.1.1
General
- DPCCH and all the E-DPDCHs transmitted from one UE have the same frame timing.
- The start of E-SCCH subframe #0 is aligned with the start of the P-CCPCH frames. 
- The start of E-ARCH subframe #0 is aligned with the start of the P-CCPCH frames. 
8.2.1.2
E-DPDCH/E-SCCH timing correspondence
The timing correspondence between E-DPDCH and E-SCCH is decided by the below equation.
If the E-SCCH subframe #k should be referred to by the E-DCH subframe #0, the k is selected by
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 and the required minimum UE processing time is equal to 2ms (7680 chips). 
The E-DCH subframe #i should refer to the E-SCCH subframe #((k+i)mod5).
For 10ms TTI E-DCH, UE refers to any E-SCCH subframe out of the 5-subframe window which ends at subframe #k.
--------------------------- End of text proposal part 1------------------------------- 

--------------------------- Start of text proposal part 2------------------------------- 
9.2
Downlink Signalling Coding and Multiplexing

9.2.1
Coding for E-SCCH

The following information is transmitted by means of the E-SCCH physical channel.

-
E-DCH TF index (6 bits):



xtfi,1, xtfi,2, …, xtfi,6
-
Valid period indication (1 bit):


xvpe,1
-
Valid process indication (1 bits):

xvpr,1
-
UE identity (16 bits):




xue,1, xue,2, …, xue,16

Figure 9.x below illustrates the overall coding chain for HS-SCCH.
[image: image17.emf]MUX

UE specific 

CRC 

attachment

Channel 

coding

Rate 

Matching

Physical 

channel 

mapping

E-SCCH

X

tfi

X

vpe

X

UE

X

vpr

K L M N


Figure 9.x: Coding chain for E-SCCH

9.2.1.1
Multiplexing of E-SCCH information
The E-DCH TF index xtfi,1, xtfi,2, …, xtfi,6 , Valid period indication xvpe,1, and Valid process indication xvpr,1 are multiplexed together. This gives a sequence of bits k1, k2, …,k8 where

ki = xtfi,i
i=1,2,…,6

ki = xvpe,i-6
i=7
ki = xvpr,i-7
i=8
9.2.1.2
CRC attachment for E-SCCH
From the sequence of bits k1, k2, …, k8, a 16 bits CRC is calculated according to Section 4.2.1.1 of TS 25.212. This gives a sequence of bits c1, c2, …, c16 where
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This sequence of bits is then masked with the UE Identity xue,1, xue,2, …, xue,16  and then appended to the sequence of bits k1, k2, …, k8 to form the sequence of bits l1, l2, …, l24, where
li = ki





i=1,2,…,8
li = (ci-8 + xue,i-8
) mod 2

i=9,15,…,24
9.2.1.3
Channel coding for E-SCCH
Rate 1/3 convolutional coding as described in Section 4.2.3.1 of TS 25.212 is applied to the sequence of bits l1, l2, …, l24. This gives a sequence of bits m1, m2, …, m96.
9.2.1.4
Rate matching for E-SCCH
From the input sequence m1, m2, …, m96, rate matching is applied according to Section 4.2.7 of TS 25.212. This gives a sequence of bits n1, n2, …, n120.
9.2.1.5 Physical channel mapping for E-SCCH
The sequence of bits n1, n2, …, n120 is mapped to the E-SCCH sub frame. The bits nk are mapped to the PhCHs so that the bits for each PhCH are transmitted over the air in ascending order with respect to k.
--------------------------- End of text proposal part 2------------------------------- 
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