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1. Introduction
In this document, we propose downlink physical channel structure by reusing AICH or PICH for EUDTCH. All chapters of the document apart from Chapter 4 and Chapter 5 are the same as in R1-030493 which was not presented in RAN1#32 due to the lack of time. Chapter 2 discusses the problem of downlink signalling embedded on DPCH. Chapter 3 discusses our proposal. Chapter 4 discuss four examples of signature multiplexed. Chapter 5 discuss transmission power of DL signalling. Chapter 6 propose text proposal for the TR 25.896.

2. Concern of embedded signalling on DPCH
Several methods to carry downlink L1 signalling for EUDTCH (e.g. Ack/Nack or scheduling related message) by means of embedding on DPDCH or DPCCH were discussed in [1]. The method embedded in DPCCH/DPDCH requires modification of Rel99 DPCH structure. However, there had been similar discussions on HI for HSDPA. In this discussion, [2][3] express the concern of a burden of the test by the modification for Rel99 DPCH structure. Finally, it was agreed HI is not included in the spec. We think the similar or more difficult problem arise in downlink signalling for EUDTCH because 
- the required reliability for Ack/Nack may be higher than HI and,
- at least two types of signalling such as Ack/Nack_Channel and scheduling related message require further modification than HI.

3. Method reusing PICH or AICH
Considering above concerns, we propose two types of signalling method using separate code channel. One is reusing PICH and the other is AICH. Reusing R99 channel structure makes standardization and implementation process simpler. Although we propose reusing PICH or AICH, we don't propose reusing higher layer part of these channels.

Reusing PICH physical channel structure

In this method, downlink L1 signalling among UEs is time multiplexed by using PICH structure. The allocation timing of UE is signalled by RRC. So UE always receive fixed timing in PICH. This is equivalent to one paging indicator equals to one signalling for one UE. PICH consists of 288bits for paging indicator and 12 bits for transmission off per 10ms as shown in Figure 1 [4]. The number of paging indicators is 144, 72, 36 or 18. One paging indicator could carry 1 bit of the downlink L1 signaling. In case the number of paging indicator is 144, the channel can carry maximum 144 bits in 10ms. When more than one bit is required for one UE in 10ms, more paging indicators could be allocated for one UE. Depending on how to allocate these bits, UE may not be required to receive multiple codes although multiple bits are required to receive. Time multiplexing of user information would not use much codes space. 
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Figure 1
Structure of Paging Indicator Channel (PICH)

Reusing AICH physical channel structure
In this method, downlink L1 signalling among UEs are signature (code) multiplexed and time multiplexed by using AICH structure. Similar to PICH proposal, different set of signature and access slot are allocated for each UE and informed by RRC signalling. AICH consists of 4096chips for AI part and 1024chips for transmission off per one access slot as shown in Figure 2 [4]. Number of signature is 16 in an access slot and number of access slot is 15 in 20ms. Then the channel can carry 240bits of the downlink L1 signalling per 20ms. This is 120bits per 10ms. If more than one bit is required for one UE in 10ms, more signatures or access slots can be allocated for one UE. Depending on how to allocate these bits, UE may not be required to multiple SF=256 codes although multiple bits is required to receive. Signature (Code) multiplexing of user information by AICH structure would not use much codes space. This is because one SF=256 codes consists of 16 signature. 
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Figure 2: Structure of Acquisition Indicator Channel (AICH)

Discussion

The merits of our proposal are 1) no modification to DPDCH/DPCCH, 2) less code usage and 3) less complexity for UE.  

Reusing PICH could transfer 144 bits in 10ms and AICH could transfer 120 bits in one SF=256 code space. So from code usage point of view, there is not so much difference. In the case of more than one bits is required to receive at one UE, both methods still have a possibility that UE only receive one SF=256 codes.

The merit of reusing AICH is AI has longer length for one bit leads to less peak transmission power at Node B and a better quality in the fast fading. PICH is only one bit signalling and reliable transmission of one bit signalling brings the concern of higher peak transmission power. The other merit is AICH has three values (+1/-1/0). If scheduling information by such as using up/down/keep is used, the same structure could be reused.

Both methods have DTX part (PICH has 3072 chips and AICH has 1024 chips). These parts could be used for another signalling like CPCH case.

In the case of shorter TTI such as 2ms, one method is no modification of physical structure and to bring idea on how to map the signalling. The other method is only using idea of TDM or signature multiplexed and to reconstruct new channel structure.

4. Examples of signature multiplexed
It was proposed in [1] that signalling should be possible to send in every TTI. Current assumption of TTI is 2ms and 10ms. This section discusses the signature multiplexed within 2ms, since shorter TTI length is more difficult condition to be sent in every TTI. We discuss four examples, which are shown in Figure 3 as A) reusing AICH signature, B) 30 symbols, C) 15 symbols x 2 and D) 8 symbols x 3. Pros and cons are summarised in Table 1. Although further discussion is necessary, our preference at this moment is B) 30 symbols because of low peak power and large number of information bit (i.e. 32bits/2ms on one SF=256 code).

A) Reusing AICH signature

This example reuses AICH signature (orthogonal signature with 16 symbols of SF=256), but does not reuse the timing relation. Although the timing relation becomes different from AICH in random access procedure, encoder and decoder   could be reused. Sixteen bits can be sent per 2ms because 16 different signatures exist. 14 symbols length of DTX is inserted in order to fit 2ms.

B) 30 symbols
This example uses signature (code pattern) with 30 symbols of SF=256 which is generated by truncation from orthogonal signature with 32 symbols. 32 bits can be sent per 2ms because 32 different signatures exist. As compared with A), longer signature length can reduce peak power and has better detection quality in the fast fading. On the other hand, this example may have losses due to the non-orthogonal signature and cross-correlation among each signature in the fast fading. 
C) 15 symbols x 2

This example uses signature with 15 symbols of SF=256 which is generated by truncation from orthogonal signature with 16 symbols (e.g. AICH signature). 32 bits can be sent per 2ms, since 16 different signatures can be transmitted twice per 2ms using TDM. TDM may increase complexity because this brings two different timings within 2ms.

D) 8 symbols x 3
This example uses orthogonal signature with 8 symbols. 24 bits can be sent per 2ms, since 8 different signatures can be transmitted three times per 2ms using TDM. TDM may increase complexity because it brings three different timings within 2ms. Shorter signature length may increase peak power than other examples. However, shorter signature length is tolerant to fast fading variation. 

Table 1 Comparison of the examples of signature multiplexed within 2ms

	
	Bits / 2ms
	Pros
	Cons

	(A) reusing AICH signature
	16
	· AICH encoder/decoder can be reused

· orthogonal signature
	· small number of information bit (i.e. 16bits)

	(B) 30 symbols
	32
	· relatively low peak power

· large number of information bit (i.e. 32bits)

· better detection quality in the fast fading
	· cross-correlation among each signature in fast fading 

· non orthogonal signature

	(C) 15 symbols x 2
	32

 (16 x 2)
	· large number of information bit (i.e. 32bits)
	· TDM may increase complexity

· non orthogonal signature

	(D) 8 symbols x 3
	24

(8 x 3)
	· orthogonal signature

· orthogonality in  fast fading
	· TDM may increase complexity

· relatively high peak power
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Figure 3 Examples of signature multiplexed within 2ms

5. Transmission power of DL signalling
According to table 4.1 in [5], a typical operation of transmission power per one signature of AICH can be set to - 8dB from P-CPICH and P-CPICH is around 10% of the total transmission power. This means that around 1.6% of total transmission power is used for one signature. If 16 signatures are always used for DL signalling of EUDTCH, the required total power for the signatures becomes 25% out of the total transmission power in NodeB. This is quite high, so a countermeasure to reduce the power is necessary. DPCH based closed loop power control is one candidate. In the case of B) and C) in above examples, non orthogonal signature may have impact in cross-correlation from the other signatures.

6. Text Proposal for TR
-------------------------------------------------------- Start of text proposal ------------------------------------------------------

7.5
Signalling to support the enhancements

7.5.1 Downlink signalling on separate code channel 

Signature or time multiplexing approach reusing AICH or PICH physical channel structure for sending downlink signalling would be possible. In that case, the allocation for each UE is fixed to each UE and signalled by for example RRC signalling. 

---------------------------------------------------- End of text proposal -----------------------------------------------------------

7. Conclusion
Reusing AICH and PICH physical channel structures are proposed for downlink L1 signalling for EUDTCH.
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