3GPP TSG RAN WG1 meeting #43


   











Tdoc R1-051465
Seoul, Korea, 7th – 11th November, 2005

Agenda Item:
11

Source: 
Philips

Title:
New UL DPCCH Slot Formats for Inactive Periods
Document for:
Discussion and Decision

1 Introduction

Previous contributions [1, 2, 3] have outlined the possibility of using a modified UL DPCCH slot format during inactive periods between packet data transmissions. 

The aim of a new slot format is to reduce the UL DPCCH overhead for a given reliability of the UL TPC bits. This is achieved by reducing the ratio between the number of pilot bits and the number of TPC bits per slot, such that the transmitted pilot energy is better matched to the TPC energy. As this results in more TPC energy being transmitted per slot, it therefore enables the UL DPCCH transmit power to be reduced.

An example of a suitable new UL DPCCH slot format is shown below:
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The new slot format could have 5 or 6 pilot bits and achieve similar performance

In this contribution we discuss some considerations relevant to the design of the new slot format with particular reference to operation in the operation in SHO. 

2 Existing slot formats

First we briefly consider existing DPCCH slot formats listed in 25.211 which might be used in conjunction with the new format. 

Currently we assume that the new slot format would only be used in conjunction with Fractional DPCH. Since closed loop Tx diversity is not used with F-DPCH, the FBI bit would not be configured. This means that we only need to consider using existing slot formats 0, 0A, 0B and 1 (highlighted in yellow in Table 1) in conjunction with the new format.

Table 1: Existing DPCCH fields

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/

Frame
	Bits/

Slot
	Npilot
	NTPC
	NTFCI
	NFBI
	Transmitted slots per radio frame

	0
	15
	15
	256
	150
	10
	6
	2
	2
	0
	15

	0A
	15
	15
	256
	150
	10
	5
	2
	3
	0
	10-14

	0B
	15
	15
	256
	150
	10
	4
	2
	4
	0
	8-9

	1
	15
	15
	256
	150
	10
	8
	2
	0
	0
	8-15

	2
	15
	15
	256
	150
	10
	5
	2
	2
	1
	15

	2A
	15
	15
	256
	150
	10
	4
	2
	3
	1
	10-14

	2B
	15
	15
	256
	150
	10
	3
	2
	4
	1
	8-9

	3
	15
	15
	256
	150
	10
	7
	2
	0
	1
	8-15


3 New slot formats

Now we consider the details of new slot format. There are two cases to be discussed. The first is where TFCI is not required (e.g. if there is no DPDCH configured). Then slot format 1 would be configured for normal use.  In the other case, TFCI is used, and slot format 0 would be configured for normal use. It is proposed that a new slot format is introduced for inactive periods when no data is transmitted in the uplink. 

Proposal A: No TFCI 

If TFCI is not used, the slot format 1 would be configured by the RNC.

One way of adding a new slot format for inactive periods is shown in Table 2, where the new format is denoted as “1*” (highlighted in green), and has four pilot bits and six TPC bits. This has the advantage of good performance under a range of different assumptions about channel estimation. 

When data is transmitted, slot format 1 would be used. During inactive periods slot 1* would be used. Both formats can be used in compressed frames, so the choice of slot format is independent of the use of compressed mode. 

Table 2: New slot format: Proposal A
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/

Frame
	Bits/

Slot
	Npilot
	NTPC
	NTFCI
	NFBI
	Transmitted slots per radio frame

	0
	15
	15
	256
	150
	10
	6
	2
	2
	0
	15

	0A
	15
	15
	256
	150
	10
	5
	2
	3
	0
	10-14

	0B
	15
	15
	256
	150
	10
	4
	2
	4
	0
	8-9

	1
	15
	15
	256
	150
	10
	8
	2
	0
	0
	8-15

	1*
	15
	15
	256
	150
	10
	4
	6
	0
	0
	8-15

	2
	15
	15
	256
	150
	10
	5
	2
	2
	1
	15

	2A
	15
	15
	256
	150
	10
	4
	2
	3
	1
	10-14

	2B
	15
	15
	256
	150
	10
	3
	2
	4
	1
	8-9

	3
	15
	15
	256
	150
	10
	7
	2
	0
	1
	8-15


Proposal B: With TFCI 

If TFCI is required then slot format 0 would be configured by the RNC. 

In order to introduce a new slot format for inactive periods in backwards-compatible way, the behaviour in compressed mode during inactive periods should be the same as for active periods. One way of achieving this is to use the TFCI field to provide extra TPC bits. This is under the assumption that TFCI bits are not required during inactive periods. Then three new formats would be required. These are shown in Table 3 and are identified as 0*, 0A*, and 0B*. Then when format 0 is configured for normal operation, format 0* is used during periods of inactivity. In compressed frames occurring during periods of inactivity, then formats 0A* or 0B* would be used, depending on the number of transmitted slots. This approach has the further advantage that the position of the frame synchronisation word does not change when the new slot format is used, even during compressed mode.

Table 3: New slot format: Proposal B
	Slot Format #I
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/

Frame
	Bits/

Slot
	Npilot
	NTPC
	NTFCI
	NFBI
	Transmitted slots per radio frame

	0
	15
	15
	256
	150
	10
	6
	2
	2
	0
	15

	0A
	15
	15
	256
	150
	10
	5
	2
	3
	0
	10-14

	0B
	15
	15
	256
	150
	10
	4
	2
	4
	0
	8-9

	0*
	15
	15
	256
	150
	10
	6
	4
	0
	0
	8-15

	0A*
	15
	15
	256
	150
	10
	5
	5
	0
	0
	10-14

	0B*
	15
	15
	256
	150
	10
	4
	6
	0
	0
	8-9

	1
	15
	15
	256
	150
	10
	8
	2
	0
	0
	8-15

	2
	15
	15
	256
	150
	10
	5
	2
	2
	1
	15

	2A
	15
	15
	256
	150
	10
	4
	2
	3
	1
	10-14

	2B
	15
	15
	256
	150
	10
	3
	2
	4
	1
	8-9

	3
	15
	15
	256
	150
	10
	7
	2
	0
	1
	8-15


Both proposal A and B make use of existing pilot patterns, so new ones would not be needed.  

Compatibility issues

One important aspect is the consequences of a mismatch between the transmitted format and the one expected by the Node B. Such a discrepancy could arise, for example, as a consequence of unreliable signalling.

Here we consider the impact of a Node attempting to decode a different slot format from the one transmitted by the UE. 

· Cases with no problems are highlighted in green

· Cases with a serious problem are highlighted in red

· Cases with a problem but without serious consequences are highlighted in yellow

Note that some cases would not apply for a legacy Node B that did not implement the new slot format. This may be relevant if considering SHO.

Table 4: Mismatch between transmitted and expected formats for Proposal A

	Proposal A
	Format assumed by Node B

	
	1 (active)
	1* (inactive)

Not relevant for legacy Node B’s

	Format transmitted by UE
	1   (active)
	OK
	- Channel estimate possible
- TPC corrupted

	
	1*(inactive)
	- Channel estimate  corrupted

- TPC reception possible (but needs channel estimate)
	OK


As shown in Table 4, for proposal A, there are serious problems if the UE transmits using format 1* when the Node B is expecting format 1. There are also problems if the Node B is expecting format 1* and format 1 is transmitted. 

Table 5: Mismatch between transmitted and expected formats for Proposal B

	Proposal B
	
	Format Assumed by Node B

	
	
	0 (active)
	0* (inactive)

Not relevant for legacy Node B’s

	Format transmiited by UE
	0  (active)
	OK
	- Channel estimate OK
- TFCI ignored
- TPC corrupted

	
	0* (inactive)
	- Channel estimate OK

- TFCI erroneous (but there is no transmitted data)
- TPC reception possible (but with higher error rate)
	OK


As shown in Table 5, in contrast to format 1*, the case of UE transmission of format 0* when the Node B is expecting format 0 no longer has serious consequences. 

Table 5 also applies for compressed frame with slot formats 0A, 0A* and 0B, 0B* respectively.

The contents of Tables 4 and 5 highlight the need for the Node B to know the slot format used by the UE, and the interest in effective methods for achieving this (e.g. by suitable signalling or autonomous detection).

4 Conclusions

To achieve good performance and backwards compatibility we suggest considering the adoption of two new slot formats: 

· 1* with 4 pilots and 6 TPC bits to be used during inactive periods when slot format 1 is configured for normal DCH operation (Proposal A). In this case the slot format is not affected by the use of compressed mode.

· 0* with 6 pilot bits and 4 TPC bits to be used during inactive periods when slot format 0 is configured for normal DCH operation (Proposal B). When compressed mode is activated then the new slot format becomes 0A* or 0B* in compressed frames, depending on the number of slots transmitted.

If the advantage of backwards compatibility is not considered significant, then format 1* could also be used in combination with slot format 0 (instead of format 0*). 

A text proposal for TR25.903 outlining these considerations is appended to the end of this document. 
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------------------------------- Start of Text Proposal for TR25.903 --------------------------------------------

4
Technical Concepts

This section describes and analyses the suggested technical concepts addressing the problem described by the work item “Continuous Connectivity for Packet Data Users” defined in [1].

4.1 New DPCCH slot format

4.1.1
Description of the concept

4.1.1.1 General description
The primary purpose of the continuous DPCCH when data is not being transmitted is to maintain synchronisation and power control ready for a rapid resumption of data transmission when needed. 

This is different from the case when data is being transmitted, when the DPCCH also has to act as the phase reference for the data, and possibly also carry TFCI and/or FBI. 

The DPCCH slot formats which are available up to Release 6 are primarily adapted to the case when data is being transmitted, but are not necessarily suitable for minimising the overhead when the DPCCH is the only uplink channel. In particular, none of the existing DPCCH slot formats have more than 2 TPC bits, while the pilot field occupies between 5 and 8 bits, reflecting the need for sufficient pilot energy to give a reliable channel estimate for decoding data. 

One way to reduce the DPCCH overhead could therefore be to introduce a new DPCCH slot format which is better suited to the case when effectively the only data bits are the TPC bits. Typically this would involve reducing the pilot energy per slot. 

Some possible new slot formats are shown in Figure 4.1-1 to Figure 4.1-3.
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Figure 4.1-1: One possible new DPCCH slot format (Format a)

The slot format shown in Figure 4.1-1 has an equal number of pilot and TPC bits. Typically this optimises the pilot-to-TPC ratio if the channel phase estimation is being carried out over a single slot.
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Figure 4.1-2: A second possible new slot format (Format b)

Figure 4.1-2 shows an example which may be better suited to a slowly-changing channel when the channel phase estimation may be averaged over a number of consecutive slots. Here the TPC field is increased in size even more than in Figure 4.1-1, thus enabling a larger reduction in DPCCH transmit power. 

A reduction in SIR target would be applied at the Node B when a slot format like those in Figure 4.1-1 or Figure 4.1-2 was being used. A power step on the DPCCH could also be applied in order for the power control loop to converge quickly. 

Reducing the DPCCH power in this way enables the uplink control channel overhead to be reduced, and hence more inactive users to be supported in CELL_DCH state. 
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Figure 4.1-3: A third possible new slot format (Format c)

Figure 4.1-3 shows a slot format where the number of pilot bits is reduced to a suitable number for the current size of the TPC field. DTX would be used between the pilot and TPC fields. This type of slot format would give a reduction in the average overhead, with the noise rise from an individual user being discontinuous. 

Other possibilities, for example with 4 or 6 pilot bits, could also be considered, but the number of new slot formats should be minimised, preferably to a single new slot format.

4.1.1.2 Detailed Proposals
In this section specific proposals are described in more detail.
As an example, a new slot format may be introduced into 25.211 as shown in Table XX, where the new format 1* is associated with the existing slot format 1. When slot format 1 is configured by the RNC, slot format 1* would be used during periods of inactive uplink data transmission.
Table XX: New slot format: Proposal A
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/

Frame
	Bits/

Slot
	Npilot
	NTPC
	NTFCI
	NFBI
	Transmitted slots per radio frame

	0
	15
	15
	256
	150
	10
	6
	2
	2
	0
	15

	0A
	15
	15
	256
	150
	10
	5
	2
	3
	0
	10-14

	0B
	15
	15
	256
	150
	10
	4
	2
	4
	0
	8-9

	1
	15
	15
	256
	150
	10
	8
	2
	0
	0
	8-15

	1*
	15
	15
	256
	150
	10
	4
	6
	0
	0
	8-15

	2
	15
	15
	256
	150
	10
	5
	2
	2
	1
	15

	2A
	15
	15
	256
	150
	10
	4
	2
	3
	1
	10-14

	2B
	15
	15
	256
	150
	10
	3
	2
	4
	1
	8-9

	3
	15
	15
	256
	150
	10
	7
	2
	0
	1
	8-15


As a further example, a new slot format may be introduced as shown in Table YY, where the new format 0* is associated with existing slot format 0. When slot format 0 is configured by the RNC, slot format 0* would be used during periods of inactive uplink data transmission. When compressed mode is activated, then slot formats 0A* and 0B*, would be used instead of slot formats 0A and 0B respectively. 
Table YY: New slot format: Proposal B
	Slot Format #I
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/

Frame
	Bits/

Slot
	Npilot
	NTPC
	NTFCI
	NFBI
	Transmitted slots per radio frame

	0
	15
	15
	256
	150
	10
	6
	2
	2
	0
	15

	0A
	15
	15
	256
	150
	10
	5
	2
	3
	0
	10-14

	0B
	15
	15
	256
	150
	10
	4
	2
	4
	0
	8-9

	0*
	15
	15
	256
	150
	10
	6
	4
	0
	0
	8-15

	0A*
	15
	15
	256
	150
	10
	5
	5
	0
	0
	10-14

	0B*
	15
	15
	256
	150
	10
	4
	6
	0
	0
	8-9

	1
	15
	15
	256
	150
	10
	8
	2
	0
	0
	8-15

	2
	15
	15
	256
	150
	10
	5
	2
	2
	1
	15

	2A
	15
	15
	256
	150
	10
	4
	2
	3
	1
	10-14

	2B
	15
	15
	256
	150
	10
	3
	2
	4
	1
	8-9

	3
	15
	15
	256
	150
	10
	7
	2
	0
	1
	8-15


4.1.2
Analysis of the concept

< Editor’s note: Calculations, simulations, gain estimations etc. might be added here.>

-------------------------------End of Text Proposal----------------------------------------------
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