3GPP TSG RAN WG1 meeting #45

   












Tdoc R1-061457
Shanghai, China, 8th – 12th May 2006




Agenda Item:
8

Source: 
Philips

Title:
Further evaluation of slot formats for Continuous Connectivity
Document for:
Discussion and Decision

1 Introduction

As explained in TR25.903, the aim of a new UL DPCCH slot format for Continuous Connectivity would be to reduce the UL DPCCH overhead for a given reliability of the UL TPC symbols. This is achieved by reducing the ratio between the number of pilot symbols and the number of TPC symbols 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.

Two alternatives for the configuration of a new slot format are currently presented in TR25.903:

A. Switching between a Rel-99 slot format (e.g. 8 pilot bits + 2 TPC bits) and the new slot format (e.g. 4 pilot bits + 6 TPC bits) dynamically according to predefined rules based on whether other uplink channels are transmitted (e.g. using the Rel-99 slot format when E-DCH or HS-DPCCH are transmitted, and the new slot format when only DPCCH is transmitted).

B. Configuring the new slot format by the RNC in the same way as Rel-99 slot formats, regardless of whether other uplink channels are transmitted in any particular slots. 

In [1] we provided some simulation results to compare the merits of these two approaches considering, as an example, reliability of CQI transmission.

In this contribution, we provide three text proposals for TR25.903, as follows:

Section 2: TP including simulation results for the effect of a new DPCCH slot format on both CQI transmission and ACK/NACK transmission. The effect of using TPC energy to improve the channel estimate derived from the pilot bits is shown.

Section 3: TP updating the details of the number of bits proposed for the new slot format in the light of the simulation results, and for consistency with the Table in sub-clause 4A.1 of TR25.903.

Section 4: TP discussing pilot pattern for the new slot format, as previously discussed in [2].

2 First Text proposal for TR25.903: Further simulation results

-- Start of text proposal 1 --

4.1.2
Analysis of the concept

4.1.2.1
Simulation Results on UL TPC error rate

The performance results here show the UL DPCCH Eb/N0 required to achieve a given UL TPC error rate for some different DPCCH slot formats. These would be applicable for the case where only the UL DPCCH is present.

The simulation assumptions are as follows:

· 2GHz carrier frequency

· DPCCH SF = 256

· Non-SHO

· UL power control using PCA1 and a 1dB step size, with a 4% error rate on DL TPC commands

· DL power control using DPC_MODE= 0 is assumed 

· Dual-antenna receive-diversity at Node B

· Uplink channel phase estimation averaged over either 1 or 3 slots

· UL channel model: PA, PB or VA

· UE speed 3 or 120km/h
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Figure 4.1.2.1-1: UL TPC error rate  for PB3 with 3-slot channel estimate
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Figure 4.1.2.1-2: UL TPC error rate for PA3 with 3-slot channel estimate
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Figure 4.1.2.1-3: UL TPC error rate for VA120 with 1-slot channel estimate

The simulation results presented above for PA, PB and VA channels at UE speeds from 3km/h to 120km/h show that the Eb/N0 required for the UL DPCCH can be reduced for a given TPC error rate by changing the ratio of pilot to TPC bits per slot.  The gains are typically in the region 2-3dB.

Considering the TPC error rate, a slot format with 4 pilot bits and 6 TPC bits seems to give robust performance regardless of the averaging period of the channel estimate. 
4.1.2.2
Simulation results on other UL channels
The basic simulation assumptions here are as follows:

· 2GHz carrier frequency

· DPCCH SF = 256

· Non-SHO

· UL power control using PCA1 and a 1dB step size, with a 4% error rate on DL TPC commands

· Dual-antenna receive-diversity at Node B

· Uplink channel phase estimation averaged over 1 to 3 slots, TPC-aided where shown
· UL channel model: PA, PB or VA

· UE speed 3, 30 or 120km/h

The case of HS-DPCCH being transmitted in parallel with the DPCCH is considered, to examine the effect of changing the DPCCH slot format on the decoding of the HS-DPCCH. For the HS-DPCCH, the following assumptions are used:

· βhs = βc (ΔACK = ΔNACK = ΔCQI)

· N_cqi_transmit = 1 (i.e. no repetition)
· N_acknack_transmit = 1 (i.e. no repetition)

· Node B detection threshold for ACK configured to give P(ACK|DTX) = 0.1 (assuming the probability of missed detection for HS-SCCH at the UE is 10e-2).
Under these conditions, the CQI and ACK error rates are measured, using two different types of channel estimation:

· Channel estimation using DPCCH pilot bits only

· TPC-aided channel estimation (using both pilot bits and TPC bits)

MLSE decoding is used for CQI. 

The following DPCCH slot formats are evaluated:

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

Frame
	Bits/

Slot
	Npilot
	NTPC
	NTFCI
	NFBI

	1
	15
	15
	256
	150
	10
	8
	2
	0
	0

	New 1
	15
	15
	256
	150
	10
	5
	5
	0
	0

	New 2
	15
	15
	256
	150
	10
	4
	6
	0
	0


4.1.2.2.1

CQI transmission
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Figure X1:  CQI performance in PA3, 1 slot channel estimation, with and without TPC-assistance
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Figure X2: CQI performance in PA3, 3 slot channel estimation, with and without TPC-assistance
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Figure X3: CQI performance in PB3, 1 slot channel estimation, with and without TPC-assistance
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Figure X4: CQI performance in PB3, 3 slot channel estimation, with and without TPC-assistance
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Figure X5: CQI performance in VA30, 1 slot channel estimation, with and without TPC-assistance
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Figure X6: CQI performance in VA30, 2 slot channel estimation, with and without TPC-assistance
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Figure X7: CQI performance in VA120, 1 slot channel estimation, with and without TPC-assistance

4.1.2.2.2

HARQ-ACK transmission
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Figure X8: ACK performance in PA3, 1 and 2 slot channel estimation, with TPC-assistance
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Figure X9: ACK performance in PB3, 1 and 2 slot channel estimation, both with TPC-assistance
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Figure X10: ACK performance in VA30, 1 and 2 slot channel estimation, both with TPC-assistance
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Figure X11: ACK performance in VA120, 1 slot channel estimation, with TPC-assistance

4.1.2.2.3

Observations from simulations of HS-DPCCH performance in sub-clauses 4.1.2.2.1 and 4.1.2.2.2
From the simulation results presented above, it is observed that:
1. If a new DPCCH slot format with fewer pilot bits is used during HS-DPCCH transmissions, there is a degradation in HS-DPCCH performance for CQI (typically around 2dB). 
2. The degradation in HS-DPCCH performance can be reduced slightly by using TPC-aided channel estimation, but only if the channel is sufficiently static for the channel estimate to be averaged over a few slots. When the coherence time of the channel is shorter, so that the channel estimate has to be derived from only 1 slot, use of TPC-aiding for the channel estimation further degrades the HS-DPCCH performance. 
3. When using TPC-aided channel estimation, the ACK error rate degradation from DPCCH slot formats with more TPC bits is smaller than for CQI.
4. The degradation in ACK error rate is larger for a new slot format with 4 pilot bits than for a new slot format with 5 pilot bits. 
4.1.2.3
Conclusions from TPC performance (sub-clause 4.1.2.1) and HS-DPCCH performance (sub-clause 4.1.2.2) 

In the light of the observed performance of TPC and HS-DPCCH, the following behaviour could be useful: 

· A new slot format is configured by RRC signalling in the same way as Rel-99 slot formats;

· The new slot format uses 5 pilot bits and 5 TPC bits;

· In DPCCH slots that overlap a CQI transmission, the slot format switches dynamically to format 1 (8 pilots + 2 TPC) in order to avoid degrading the HS-DSCH performance. 

· Note that the Serving Node B knows exactly when to expect transmissions on the HS-DPCCH, so with this proposal there is no need for the Serving Node B to blind-detect the change of DPCCH slot format.

· In other DPCCH slots, including those where E-DCH is transmitted (unless HS-DPCCH is also transmitted), the new slot format continues to be used. (As the Node B does not have full knowledge of when E-DCH will be transmitted, keeping the slot format the same avoids any need for blind detection of the DPCCH slot format at the Node B). 

· In slots where E-DCH is transmitted, the UE can apply a DPCCH power offset if more pilot energy is needed. As the E-DPDCH transmission power will typically be considerably greater than the HS-DPCCH transmission power, the relative impact on total power of increasing the DPCCH power would be smaller in this case.  
· Alternatively, if it were to be decided that the new slot format should be semi-static (“Proposal B” in sub-clause 4.1.1.2), the new slot format would need more than 5 pilot bits in order to reduce the degradation to CQI transmission. 
4.1.2.4
Power control delay

-- End of text proposal 1 --

3 Second Text proposal for TR25.903: Updating proposal description

-- Start of text proposal 2 --

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 4.1.1.2-1, where the new format 1* is associated with the existing slot format 1. When slot format 1* is configured by the RNC, the slot format could switch to slot format 1 during certain periods when more pilot energy is required. The switching between slot formats 1 and 1* could be according to predefined rules. This is discussed further in sub-clause 4.1.2.3. Configuring the new slot format under the control of the RNC in this way also allows compatibility with Node B’s that do not support the new slot format.

Table 4.1.1.2-1: 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
	5
	5
	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 4.1.1.2-2, where the use of the new format 4 can only be configured by the RNC in the normal way (i.e. its use does not depend on transmission activity on other channels). 

Table 4.1.1.2-2: 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

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


4.1.1.2.2 ConCon Initiation and Termination

The initiation and termination of ConCon operation would be different for the two proposals given in sub-clause 4.1.1.2.

For Proposal A (Table 4.1.1.2-1), ConCon initiation would comprise configuring the use of slot format #1* by RRC signalling in the usual way. Predefined rules for switching between slot format #1* and slot format #1 could then be used, for example comprising using slot format #1 in all DPCCH slots which start at the beginning of or during either HS-DPCCH transmission, DPDCH transmission or E-DPCCH transmission, and using slot format #1* in all other DPCCH slots.

The HS-DSCH Serving Node B can predict exactly when HS-DPCCH transmissions will occur, and can therefore predict whether slot format #1 or slot format #1* is being used. The serving Node B can therefore derive the channel estimate and decode the DPCCH correctly in this case. Other Node Bs do not have to decode the HS-DPCCH transmissions, but could nonetheless use detected HS-DPCCH energy to help determine which of slot formats 1 and 1* was being used.

For E-DPCCH/E-DPDCH transmission, the change of slot format could be detected on the basis of detected E-DPCCH/E-DPDCH energy (similar to blind transport format detection using received power ratio). The E-DCH Serving RLS also has knowledge of the Serving Grant and UE buffer status, and can therefore make a more reliable estimate of when E-DPCCH is transmitted.

These possibilities are discussed further in sub-clause 4.1.2.3, where conclusions are also drawn in the light of the simulation results.

-- End of text proposal 2 --

4 Third Text proposal for TR25.903: Pilot patterns

-- Start of text proposal 3 --

4.1.1.2.3 ConCon Initiation and Termination

The initiation and termination of ConCon operation would be different for the two proposals given in sub-clause 4.1.1.2.

For Proposal A (Table 4.1.1.2-1), ConCon initiation would comprise enabling the use of slot format #1* (by means of a new RRC signalling parameter) while slot format #1 was configured. The predefined rules for switching between slot format #1 and slot format #1* could comprise using slot format #1 in all DPCCH slots which start at the beginning of or during either HS-DPCCH transmission, DPDCH transmission or E-DPCCH transmission, and using slot format #1* in all other DPCCH slots.

The HS-DSCH Serving Node B can predict exactly when HS-DPCCH transmissions will occur, and can therefore predict whether slot format #1 or slot format #1* is being used. The serving Node B can therefore derive the channel estimate and decode the DPCCH correctly in this case. Other Node Bs do not have to decode the HS-DPCCH transmissions, but could nonetheless use detected HS-DPCCH energy to help determine which of slot formats 1 and 1* was being used.

For E-DPCCH/E-DPDCH transmission, the change of slot format could be detected on the basis of detected E-DPCCH/E-DPDCH energy (similar to blind transport format detection using received power ratio). The E-DCH Serving RLS also has knowledge of the Serving Grant and UE buffer status, and can therefore make a more reliable estimate of when E-DPCCH is transmitted.

Depending on the choice of pilot pattern, Node Bs could also use differences in bit pattern to detect a change of DPCCH slot format. However, in order to avoid blind slot-format detection in non-serving Node Bs in soft handover, it seems preferable to set the pilot pattern for the new slot format 1* to be the same as the first bits of the pilot pattern for the associated slot format 1. This is illustrated in Table Y for a new slot format 1* with 5 pilot bits and 5 TPC bits. The existing Rel-99 pilot pattern for slot format 1 (8 pilot bits) is also shown for comparison. 

	
	Npilot = 5 (slot format 1*)
	Npilot = 8 (slot format 1)

	Bit #
	0
	1
	2
	3
	4
	0
	1
	2
	3
	4
	5
	6
	7

	Slot#0

1

2

3

4

5

6

7
8

9

10

11

12

13

14
	1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
	1

0

0

0

1

1

1

1

0

1

0

1

1

0

0
	1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
	1

0

1

0

0

1

1

0

1

1

1

0

0

0

0
	1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
	1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
	1

0

0

0

1

1

1

1

0

1

0

1

1

0

0
	1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
	1

0

1

0

0

1

1

0

1

1

1

0

0

0

0
	1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
	1

1

0

0

0

1

0

0

1

1

0

1

0

1

1
	1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
	0

0

1

0

1

0

0

0

0

1

1

1

0

1

1


This enables the non-serving Node Bs always to decode two TPC bits at the end of each slot using a channel estimate derived from the first 5 pilot bits, without needing to do any blind detection of the change of slot format. 

For Proposal B (Table 4.1.1.2-2), ConCon operation would be entirely under the control of RRC signalling to configure Slot Format #4, so fast switching would not occur. 

A combination of Proposals A and B could also be considered, by adding both slot format #1* and slot format #4 to the slot formats table for UL DPCCH. In this case, it would be possible for the RNC to configure the new slot format either to be used in all slots (by configuring slot format #4), or only in inactive slots (by configuring slot format #1 and enabling the use of slot format #1*).

-- End of text proposal 3 --
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