TSG-RAN Working Group 1 #33
    TSGR1(03)0838
New York City, New York U.S.A

August 25th - 29th, 2003

Source: 

NTT DoCoMo 

Title:
Broadening the conditions that require UEs to perform BTFD for the


case of HS-DSCH reception
Agenda Item:

5.4 Inputs for TS 34.108 + TR 25.993
Document for:     
Discussion and Decision
1. Introduction
In LS [1], RAN WG2 has presented to RAN WG1 an example HS-DSCH radio bearer description for inclusion in [2].  We would like to point out that this particular RAB/SRB configuration does not allow outer loop power control to be performed on the DL DCCH.  We elaborate on this problem and present solutions to it in the next section.  Following the discussion, we suggest to broaden the conditions when UEs are required to support BTFD.  Specifically, we suggest the following modification to Clause 4.3.1 “Blind transport format detection” of [3] to be made:

The UE shall only be required to support blind transport format detection if all of the following restrictions are fulfilled:

1. either only one CCTrCH or one dedicated type CCTrCH + one HS-DSCH type CCTrCH
is/are received by the UE

2. …
.

.

11. …
The corresponding CR is attached.

2. Discussion

2.1. Example HS-DSCH radio bearer proposed in [1]

Table 1 – Example HS-DSCH radio bearer configuration proposed by RAN2

	DL/UL
	RAB/SRB
	Configuration
	Reference

	UL
	PS RAB
	64kbps on DPCH
	6.10.2.4.1.24.1

	
	DCCH SRB
	3.4kbps on DPCH
	TS 34.108 clause 6.10.2.4.1.2.1

	DL
	PS RAB
	Best effort on HS-DSCH
	R1-03-0643

	
	DCCH SRB
	3.4kbps on DPCH
	TS 34.108 clause 6.10.2.4.1.2.2


2.2. Problem with outer loop power control on DL DCCH

Outer loop power control (OL-PC) is critical in order to guarantee the quality of the DL DCCH SRB without any excessive power offsets.  As the best effort PS RAB is mapped onto the HS-DSCH, OL-PC for the DL DCCH must be based on the BLER of the DL DCCH itself.  Therefore, CRCs should be processed for the DL DCCH even when there aren’t any data.  The use of this “CRC-only-TF” (“1x0 TF”) for DL DCCH SRB is allowed in the example configuration as an alternative to the “send-nothing-TF” (“0x148 TF”) as shown below.

Table 2 – TFS of 3.4kbps DL SRB for DCCH

	TFS
	  TF0, bits
	0x148 (alt 1x0) (note)

	
	  TF1, bits
	1x148


However, single TF detection does not work with the use of the “1x0 TF” since it incurs a 2-fold ambiguity in the DL DCCH TF (the “1x0 TF” and “1x148” TF).  So either the TFCI must be signalled on the DL DPCCH or BTFD must be performed by the UEs, for an accurate TF detection at the UEs.  Note, however, that the physical channel parameters given for the 3.4kbps DL DCCH in TS34.108 clause 6.10.2.4.1.2.2.2 (shown below) implies the use of DL DPCH slot format #4, which has no space for TFCI bits.

Table 3 – Physical channel parameters of 3.4kbps DL SRC for DCCH

	DPCH Downlink
	DTX position
	N/A (Single TrCH)

	
	Minimum spreading factor
	256

	
	DPCCH
	Number of TFCI bits/slot
	0

	
	
	Number of TPC bits/slot
	2

	
	
	Number of Pilot bits/slot
	4

	
	DPDCH
	Number of data bits/slot
	14

	
	
	Number of data bits/frame
	210


Also note that in Clause 4.3.1 “Blind transport format detection” of [3], it is indicated that the UEs are required to perform BTFD only when it receives a single CCTrCH, as shown below.

Quote from TS 25.212 clause 4.3.1 “Blind transport format detection”
The UE shall only be required to support blind transport format detection if all of the following restrictions are fulfilled:

1. only one CCTrCH is received by the UE

2. …
.

.

11. …
2.3. Solutions to the problem

Solution 1

Don’t use the “1x0 TF” so that nothing has to be changed.  This implies that OL-PC will not be performed on the DL DCCH.

Solution 2

Use DL DPCH slot format #5, which has space for TFCI bits, instead of slot format #4 to indicate the DL DCCH TF via TFCI to the UEs.  This solution allows the use of “1x0 TF” for TF0, enabling OL-PC to be performed on the DL DCCH.  However, there is an increased overhead for TFCI of 2 bits/slot.  The DL DPCH slot formats #4 and #5 are given below.

Table 4 – DL DPCCH slot formats #4 and #5

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH
Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	4
	30
	15
	256
	20
	2
	12
	2
	0
	4
	15

	5
	30
	15
	256
	20
	2
	10
	2
	2
	4
	15


Solution 3

Make the UEs perform BTFD.  This solution also allows the use of “1x0 TF” for TF0, enabling OL-PC to be performed on the DL DCCH, but without the additional TFCI overheads as in Solution 2.  However this solution requires a modification in the current specifications extracted in the previous section, since the UE will be receiving 2 CCTrCHs (1 dedicated type and 1 HS-DSCH type). 

2.4. Analysis of the solutions

First of all, we believe that the DL DCCH should be assured a reliable quality without using excessive power offsets, and therefore conclude to rule out Solution 1.

Between Solutions 2 and 3, we are aware that changes in the specifications at this point should be made minimum, and that Solution 3 might not be appropriate.

This leaves us only with Solution 2.  However, the increased overheads from Solutions 2 and 3 should be addressed before drawing conclusions.

Table 5 – Comparison of overheads on DL DPCH of the solutions

	Case
	Overhead % (Note)
	Increased overhead factor compared to Solution 1

	Solution 1 (No change)
	30.00
	1.00

	Solution 2 
	45.85
	1.53

	Solution 2+ extreme
	40.00
	1.33

	Solution 3
	36.83
	1.23


Note: Overhead % = [(CRC+DPCCH) bit per TTI] / [total DL DPCH channel bits per TTI];

Calculations are provided in the Annex

As can be seen in the above table, Solution 2 implies a 45.85% DL DPCH overhead, 1.53 times more than the original case (Solution 1) of 30%.  This increase in overhead seems overwhelming.

However, for Solution 2, the overhead % can be lowered if the following TFS is described.

Table 6 – Possible TFS of 3.4kbps DL SRB for DCCH if Solution 2 is employed

	TFS
	  TF0, bits
	0x148 

	
	  TF1, bits
	1x0

	
	  TF2, bits
	1x148


Reliable OL-PC could be obtained without sending CRCs for each TrBlks.  So the overhead due to CRCs can be decreased by transmitting the “1x0 TF” only for a certain percentage of time that provides acceptable OL-PC quality, and the “0x148 TF” for the rest of the time when there are no DL DCCH data.  Here, we denote this approach as Solution 2+.  The extreme case for Solution 2+ is the case where the “1x0 TF” is never used, i.e., always sending “0x148 TF” when there is no DL DCCH data.  In this case, the DL DPCH overhead (as indicated in Table 5) is 40%, 1.33 times more than the original case.  Solution 2+ will help decrease overhead compared to Solution 2. However, note that it is unclear which entity would practice control over sending the “1x0 TF” and the “0x148 TF” when there is no DL DCCH data.

Solution 3, on the other hand, implies a DL DPCH overhead of only 36.83%, a value even lower than that of the extreme case of Solution 2+.  Note that for Solution 3, “1x0 TF” and “0x148 TF” cannot exist in a TFS simultaneously because the UE will be performing BTFD.

3. Conclusion

In LS [1], RAN WG2 has presented to RAN WG1 an example HS-DSCH radio bearer description for inclusion in [2].  However, outer loop power control cannot be performed over the DL DCCH with this configuration, entailing the use of excessive power offsets.  To solve the following we presented 3 solutions as follows:

Solution 1: Employ the “0x148 TF” when there is no DL DCCH data, implying no changes.

Solution 2: Employ the “1x0 TF” when there is no DL DCCH data and use slot format #5 which transmits 2 TFCI 

bits per slot.

Solution 3: Employ the “1x0 TF” when there is no DL DCCH data and perform BTFD at the UE.

We ruled out Solution 1 since it is undesirable to use excessive power.  Solution 3 requires a modification in the current specifications, but gives a much better overhead performance than Solution 2 employing TFCI bits as shown below.

	Case
	Overhead % (Note)
	Increased overhead factor compared to Solution 1

	Solution 2 
	45.85
	1.53

	Solution 3
	36.83
	1.23


Actually, employing Solution 2+ described in section 2.4 of this document can decrease the overhead of Solution 2.  However, the least overhead Solution 2+ can offer is still higher than that of Solution 3.  On top of that, an entity that decides whether to use the “1x0 TF” or “0x148 TF” each time when there are no DL DCCH data is required for Solution 2.

Therefore we recommend Solution 3, and propose to make the following minimum modification in Clause 4.3.1 “Blind transport format detection” of [3] that enables Solution 3.

The UE shall only be required to support blind transport format detection if all of the following restrictions are fulfilled:

1. either only one CCTrCH or one dedicated type CCTrCH + one HS-DSCH type CCTrCH 
is/are received by the UE

2. …
.

.

11. …
Also, this modification helps when considering simultaneous service of HSDPA + AMR.

The corresponding CR is attached.
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 Annex (Overhead calculation)

Solution 1 (no CRC transmission when there is no DL DCCH data; use slot format #4 – no TFCI)

Overhead:

TPC (2 bits) + pilot (4 bits) per slot

Channel bits per TTI:


(20 bits/slot) * (15 slots/frame) * (4 frames/TTI) = 1200 bits/TTI

Overhead %:


(2 + 4) * 15 * 4 / 1200 = 30.00 %

Solution 2 (transmit CRC even when there is no DL DCCH data; use slot format #5 – use TFCI)

Total bits before rate matching:


[MAC PDU (148 bits) + CRC (16 bits)] * 3 = 492 bits

Overhead:


CRC + TPC (2 bits) + pilot (4 bits) + TFCI (2 bits) per slot

Channel bits per TTI:


(20 bits/slot) * (15 slots/frame) * (4 frames/TTI) = 1200 bits/TTI

Channel bits for data per TTI:


[Data1 (2 bits) + Data2 (10 bits)] * 15 * 4 = 720 bits/TTI

Overhead %:


[(16 * 3) * 720/492 + (2 + 4 + 2) * 15 * 4] / 1200 = 45.85 %

Increased overhead factor compared to no change case


45.85 / 30.00 = 1.53

Solution 2+ extreme (no CRC when there is no DL DCCH data; use slot format #5 – use TFCI)

Overhead:


TPC (2 bits) + pilot (4 bits) + TFCI (2 bits) per slot

Channel bits per TTI:


(20 bits/slot) * (15 slots/frame) * (4 frames/TTI) = 1200 bits/TTI

Overhead %:


[(2 + 4 + 2) * 15 * 4] / 1200 = 40.00 %

Increased overhead factor compared to no change case


45.85 / 30.00 = 1.33

Solution 3 (transmit CRC even when there is no DL DCCH data; use slot format #4 – no TFCI)

Total bits before rate matching:


[MAC PDU (148 bits) + CRC (16 bits)] * 3 = 492 bits

Overhead:


CRC + TPC (2 bits) + pilot (4 bits) per slot

Channel bits per TTI:


(20 bits/slot) * (15 slots/frame) * (4 frames/TTI) = 1200 bits/TTI

Channel bits for data per TTI:


[Data1 (2 bits) + Data2 (12 bits)] * 15 * 4 = 840 bits/TTI

Overhead %:


[(16 * 3) * 840/492 + (2 + 4) * 15 * 4] / 1200 = 36.83 %

Increased overhead factor compared to no change case


36.83 / 30.00 = 1.23
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