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1. Introduction
At RAN1 #38, two types of UL signalling were identified to support EUL.  They are the following:

· TF & HARQ related information
· Scheduling information
In this contribution, we continue to elaborate on our following proposals that we presented at RAN1 #38 [1].

· To send Scheduling Information separately from TF & HARQ related information

· To time multiplex Scheduling Information with CQI

2. TF & HARQ related information
2.1. Signalling timing

TF & HARQ related information needs to be transmitted along with E-DPDCH transmission in order to facilitate proper decoding of E-DCH at the Node-B.

2.2. Required signalling content
In Table 1, we outline the required signalling content and their estimated quantity.

Table 1 – Required signalling content and estimated quantity of TF & HARQ related information
	Signalling Content
	Quantity
	Notes

	E-TFI
	6 bits
	64 Transport formats

	ND/RV indicator
	3 bits
	RSN may be used

	Boost indicator
	1 bit
	Boost of gain factor

	CRC
	12bit
	To prevent HARQ soft buffer corruption


As outlined in Table 1, it is estimated that the TF & HARQ related information itself will consist of 10 bits.  Also, in order not to corrupt the soft buffer for HARQ at the Node-B, it is desirable to attach CRCs to the TF & HARQ related information.

3. Scheduling Information

3.1. Signalling timing

Scheduling information needs to be transmitted whenever there is a change in a UE’s buffer and power status such that the allocated uplink rate should be adjusted.  In nature, Scheduling information should be transmitted on an event triggered basis, but periodic transmissions could also be considered.  Scheduling information does not have to be transmitted along with E-DPDCH transmission, which is different from TF & HARQ related information.

3.2. Required signalling content

In Table 2, we outline the different signalling options with their required signalling content and estimated quantity.

Table 2 – Required signalling content and estimated quantity Scheduling information
	Signalling Option
	Signalling Content
	Quantity
	Notes
	Signalling frequency

	Option 1
	Buffer status
	3 bit
	8 levels
	Low

	
	Power status
	6 bit
	64 levels
	

	
	QoS
	1 bit
	High or low
	

	Option 2
	Absolute rate
	6 bit
	64 Transport formats
	Low

	
	QoS
	1 bit
	High or low
	

	Option 3
	Relative rate
	1 bit
	Up/down/keep
	High

	
	QoS
	1 bit
	High or low
	


In Option 1, each UE transmits its buffer and power status to the Node-B, which calculates the UL rate to assign.  In Option 2, each UE internally calculates its desired UL rate and reports the desired absolute rate to the Node-B, which decides the actual rate to assign.  In Option 3, each UE requests either an up, down or keep of the assigned UL rate to the Node-B, which either accepts or denies the request.  The signalling frequency would be low for Option 1 and Option 2 compared to Option 3.  For all the options, a 1 bit QoS indicator may be signalled to inform the urgency of transmission.

From our point of view, Option 3 seems less desirable compared to Option 1 and Option 2, since the UE and Node-B might become unsynchronised due to signalling errors, and it might take time for the desired rate to be allocated.  Furthermore, Option 1 may be more beneficial over Option 2, since the Node-B can estimate how long (for how many TTIs) it should assign a particular rate from the reported buffer status.

As outlined in Table 2, it is estimated that the Scheduling information itself will consist of 10 bits for Option 1, which in our view allows for the most efficient scheduling at the Node-B.

If erroneously decoded Scheduling information is fed into the Node-B scheduler, non-optimum UL rate scheduling will occur.  However, if Scheduling information is transmitted with adequate frequency, the effects of decoding errors on the Node-B scheduler will be minimized.  Therefore, it may not be necessary to attach CRCs.  This issue should be further investigated.

4. Physical channel mapping of TF & HARQ related and Scheduling information
4.1. E-DPDCH/E-DPCCH multiplexing

To assure full flexibility in UL E-DPCCH (TF & HARQ related and Scheduling Information) design, E-DPDCH and E-DPCCH should be mapped on a separate codes.

4.2. TF & HARQ related information / Scheduling information multiplexing
For TF & HARQ related information and Scheduling information, there are two multiplexing options: 

1. Either to map them on a single code, 
2. Or to map them on separate codes.

Mapping on a single code

There are two approaches in mapping both TF & HARQ related and Scheduling information on a single code [2]:

1. Separate coding

2. Joint coding

These two schemes are illustrated in Figure 1 below.
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Figure 1 – Schemes for mapping TF & HARQ related and Scheduling information on a single code
Separate coding has benefits in terms of flexibility.  Coding schemes and power offsets can be selected individually for TF & HARQ related information and for Scheduling information, enabling operators to configure optimal performances for both types of information.  On the other hand, joint coding is beneficial in that a single CRC can be applied to both types of information.

However, in both schemes, since TF & HARQ related information and Scheduling information may be transmitted at different times, there will be instances where the code resource will only be partially utilised.  This is illustrated in Figure 2 below.  This inefficient code usage will result in an increased power requirement, which may be significant.
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Figure 2 – Inefficient code usage for mapping TF & HARQ related and Scheduling information on a single code
Mapping on  separate codes (by time multiplexing Scheduling information with CQI)
If TF & HARQ related and Scheduling information are mapped on separate codes, the inefficient code usage illustrated in Figure 2 above can be prevented.  However, at RAN1 #38, it was decided that additional codes shouldn’t be multiplexed simultaneously anymore (only 1 code multiplexed E-DPCCH in the UL), due to the PAR issue.  As a solution in mapping TF & HARQ related and Scheduling information on separate codes, as we have already presented in RAN1 #38 [1], Scheduling information can be time multiplexed with CQI for HSDPA by applying DTX to the CQI field whenever Scheduling information is transmitted.  In this approach E-DPCCH is solely dedicated to TF & HARQ related information, and the issue of inefficient code usage is resolved as illustrated in Figure 3 below.  The details regarding this approach were presented in [1].
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Figure 3 – TF & HARQ related and Scheduling information on separate codes by time multiplexing Scheduling information with CQI
When making a decision on whether to map TF & HARQ related and Scheduling information on a single code (as in Figure 1) or on separate codes (as in Figure 3), the transmission power requirement for both schemes should be compared.
5. Channel coding for Scheduling information time multiplexed with CQI slots
In this section, we go ahead in investigating the coding schemes for the Scheduling information if it is to be time multiplexed with CQI slots.  In general, there are the two following cases:
1. CRC attachment required

2. CRC attachment not required

We outline the coding schemes for the two cases in Figure 4 below, assuming that the Scheduling information is 10 bits..
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Figure 4 – Possible coding structure for Scheduling information time multiplexed with CQI slots
If CRC attachment is required, as in Figure 4, a 12 bit CRC can be attached and convolution coding with 1/3 code rate can be used.  With such a scheme, either 1 CQI field (2slots) must be DTXed using SF64, or 2 CQI fields (4 slots) must be DTXed using SF128.  On the other hand, if CRC attachment is not required, a (32, 10) block coding as in Rel99 TFCI can be used with some repetition.  With such a scheme, 1 CQI field (2slots) must be DTXed using SF128.
It should be investigated if a CRC attachment is needed for Scheduling Information, when it is coded separately from TF & HARQ related information.

6. Conclusion

In this contribution, we addressed the following physical channel mapping alternatives for TF & HARQ related and Scheduling information:

1. TF & HARQ related and Scheduling information both mapped onto a single code

2. TF & HARQ related and Scheduling information mapped on separate codes

· E-DPCCH dedicated to TF & HARQ related information

· Scheduling information time multiplexed with CQI (DTX applied to the CQI field when there is a need to transmit Scheduling information)
In a way to proceed on this topic we propose the following.

When making a decision on whether to map TF & HARQ related and Scheduling information on a single code (as in Figure 1) or on separate codes (as in Figure 3), the transmission power requirement for both schemes should be compared.
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