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Background

At RAN4#20, the performance requirements for Dedicated Pilot demodulation was agreed after approval of CRs for TS 25.101 [8] and TS 25.133. The requirements are introduced in Rel-5 of the specifications as explained in the discussion paper [7]. The CRs were approved at RAN#14. 

The CR for 25.101 in [8] introduces Dedicated Pilot performance requirements based on demodulation of slot formats with 8 pilot bits. Since there are also slot formats wit 2 and 4 pilot bits that are not tested, RAN4 decided (as proposed in [7]):

· To introduce a note in TS 25.101 stating that

”NOTE: Tests 21, 22, 23 and 24 verify the UE performance with dedicated pilots as a phase reference when the number of dedicated pilot bits is 8 or 16. This does not guarantee the performance of the UE when the number of dedicated pilots bits is 2 or 4. Tests with 2 or 4 dedicated pilots bits are subject of future releases if seen necessary.”

· To communicate the decision to RAN1 in a LS and ask RAN1 to inform us whether any changes are made by RAN1 to the options for number of dedicated pilot bits in the slot formats [9].

· If the options for 2 and/or 4 pilot bits are changed by RAN1, the note could be updated or removed.

The LS was sent to RAN1 and RAN1 has sent a response in [10]. It explains that some companies in RAN1 proposed to remove all slot formats with 2 or 4 pilot bits while others found this to restrictive since most slot formats with Spreding Factor 256 and half with 128 would be removed, including some used for testing in 34.108. They therefore ask RAN4 to 

· Clarify the RAN4 position and the note in 25.101

· Consider whether the number of pilot bits is the only relevant measure of feasibility 

· Preferably specify performance requirements also for other slot formats, besides those with 8 pilot bits, in case those are considered feasible by RAN4

Performance of slot formats with 4 pilot bits

As is pointed out in the LS response from RAN1 [10], it is not only the number of pilot bits that is relevant for the performance of demodulation with dedicated pilot. The performance will to a large extent depend on the total energy put on the pilot bits. That will in addition to the number of bits depend on

· The downlink spreading factor: Even if a slot format has only 4 (or 2) pilot bits, the fraction of the bits in the slot given to the pilot bits may be large if the spreading factor is high. At SF 256 with 20 bits/slot the 4 bits will still be 20% of the bits (example from slot formats 4, 4A, 5 and 5A in Table 11 of 25.211).

· Pilot power offset: In addition, as described in 25.214, the pilot field (as well as the TFCI and TPC fields) of the DPCCH can be offset relative to the DPDCHs power. This makes it possible to set pilot power to reach desired performance.

Thus it can in no way be stated that slot formats with 4 (or 2) pilot bits do not work. But we did make the choice in RAN4 not to test these slot formats and we can therefore not guarantee what the performance is (as the note states).

RAN1 asks us to reconsider this decision and possibly state requirements also with fewer pilot bits than 8. Ericsson has simulated Slot Format 9 (4 pilot bits) which is one occurring for several RABs used for testing in 34.108.

Simulation results

Simulations were performed with the simulations assumptions agreed in [6]. A different 12.2 kbps measurement channel has been used however. It is described in the Annex to this contribution and is based on slot format 9 instead of 11 as in the original 12.2 kbps measurement channel. The other numbers are taken from the summary of simulation results in [5].

Table 1: Summary of simulation results
	Measurement Channel
	DPCH_Ec/Ior 90 % value [dB]

	Bit rate
	Slot format
	Pilot bits/slot
	Nokia
	Motorola
	Ericsson

	12.2 kbps
	11
	8
	-18.0
	-17.8
	-18.2

	12.2 kbps
	9
	4
	-
	-
	-17.4


The results show that even without power offset, the performance is only 0.8 dB less than for the Ericsson simulation of the 8 pilot bit case.

Conclusion

As indicated in the LS from RAN1, allowing only use of slot formats with 8 pilot bits ore more is very restrictive. Performance will depend not only on the number of pilot bits. Simulations also show good performance with 4 pilot bits for a slot format that is used extensively for testing in 34.108. It is therefore proposed that RAN4 informs RAN1 of these findings and recommends keeping at least the 4 pilot bit slot formats. We should also consider in RAN4 if more test cases should be added to dedicated pilot requirements, including at least the one simulated in this document.

References

[1]
R4-011390, “Active set size limitation for dedicated pilot”, CR to 25.133, Source: Ericsson, Submitted to RAN4#20.

[2]
R4-011391, “Performance requirement for dedicated pilot”, CR to 25.101, Source: Ericsson, Submitted to RAN4#20.

[3]
R4-011147, “Comments on UE specific beam forming”, Discussion paper, presented to RAN4#19 and Noted.

[4]
R4-010282, “Performance requirements for dedicated pilot tests in TS 25.101”, CR to 25.101, Source: Nokia, Presented to RAN4#20 and Noted.

[5]
R4‑010594, “Dedicated Pilots”, Discussion paper, presented to RAN4#17 and Noted.
[6]
R4-000905, “Simulation assumptions for Dedicated pilot tests”, Source Ericsson, Presented to RAN4#14 and Approved.

[7]
R4-011389, “RAN4 CRs for Beam forming”, Presented to RAN4#20 and Noted.

[8]
R4-011616/RP-010790, “Performance requirement for dedicated pilot”, TS 25.101 CR142 approved at RAN4#20 and RAN#14.

[9]
R4-011615, “Liaison Statement on Performance of Dedicated Pilot Demodulation”, LS toRAN1 approved at RAN4#20.

[10]
R4-020085/R1-020191, “Response Liaison on "Performance of Dedicated Pilot Demodulation"”, Response to [9] from RAN1 submitted to RAN4#21.
Annex
Modified DL reference measurement channel (12.2 kbps)

The parameters for the modified (4 pilot bit) 12.2 Kbps DL reference measurement channel are specified in Table 1 and Table 2. The channel coding is shown for information in the Figure.

Table A.1: DL reference measurement channel physical parameters (12.2 kbps)


	Parameter
	Unit
	Level

	Information bit rate
	kbps
	12.2

	DPCH 
	ksps
	30

	Slot Format #i
	-
	9

	TFCI
	-
	On

	Power offsets PO1, PO2 and PO3
	dB
	0

	Puncturing
	%
	2.7


Table A.2: DL reference measurement channel, transport channel parameters (12.2 kbps)


	Parameter
	DTCH 
	DCCH 

	Transport Channel Number
	1 
	2 

	Transport Block Size
	244 
	100 

	Transport Block Set Size
	244 
	100 

	Transmission Time Interval
	20  ms
	40  ms

	Type of Error Protection
	Convolution Coding
	Convolution Coding

	Coding Rate
	1/3
	1/3

	Rate Matching attribute
	256
	256

	Size of CRC
	16
	12 

	Position of TrCH in radio frame
	fixed
	fixed
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