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Agenda Item:
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Source: 
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Title: 
Updated report from Ad Hoc #4: Transport Channel Multiplexing
_________________________________________________________________________________________
The physical meeting took place on Sunday, 18 of April, 12.45 h - 17.15 h.

The following agenda was approved according to the identified study items of this Ad Hoc group:
Agenda

Item #2: Order of 1st interleaving and rate matching

Item #3: Physical channel segmentation

Item #4: Code multiplexing

Item #5: Position of TrCHs in downlink multiplexing

Item #6: Multiplexing of TrCH with service specific coding

Item #7: Channel Interleaving

Item #8: Multiplexing of TrCHs with different QoS

Item #9: Optimized puncturing for Turbo-codes

Item #10: Maximum amount of puncturing allowed

Item #11: Optimized extended TFCI encoding

Item #12: Radio frame segmentation

Item #13: Hybrid ARQ Type II/III in the physical layer

Other Items

Presented Tdocs

The following Tdocs were announced for this meeting:

Tdoc #
Title
Source
related Item
Remark

(99)202
Text proposal for optimisation of extended TFCI encoding
Siemens
#11
not treated, will be presented  in plenary

(99)466
On the Algebraic Channel Interleaver Design
Nortel
#7


(99)331
Unequal error protection
Ericsson
#6


(99)338
Puncturing Algorithm for Turbo Code
LGIC
#9
moved to Ad Hoc #5

(99)349
Discussion on segmentation of block between radio frame for TrCH with Transmission Time Interval longer than 10ms
Mitsubishi Electric
#12
not treated

(99)350
Periodic alignment of transmission times of transport channels
Mitsubishi Electric
others
not treated

(99)351
Multiplexing frame and CCTrCH definition
Mitsubishi Electric
#8
partially treated

(99)355
Support of Hybrid ARQ Type II/III in the Physical Layer
Siemens
#13


(99)356
Text Proposal for Support of Hybrid ARQ Type II/III in the Physical Layer
Siemens
#13
will be presented in plenary

(99)375
Text proposal for S1.22: ‘Multiplexing and channel coding (TDD)
Siemens
#2
will be presented in plenary

(99)388
Optimised puncturing scheme for Turbo coding
Fujitsu
#9
moved to Ad Hoc #5

(99)421
Usage of blind rate detection, explicit rate detection
DoCoMo
#5


(99)464
Additional CRC’s for the channel coding
Nortel
#6


(99)465
Channel coding for the low bit error rate services
Nortel
#6


(99)467
Proposal for rate matching for Turbo Codes
Nortel
#9
Moved to Ad Hoc #5

(99)512
Coding Diversity
Nortel
Others
Not treated

Executive summary:

Item #2

According to a proposal from Siemens, which was based on the approval of Tdoc (99)229 during last WG1 meeting in Nynäshamn, it was decided that for TDD, both in uplink and downlink, DTX is not used within a timeslot. This means, for TDD the ETSI multiplexing scheme with Rate Matching after the 1st interleaving is applied to enable dynamic rate matching. 

Moreover, all participants agreed that the options marked as FFS for this study item should be omitted. 

Item #3

This item will be considered again after a decision on interleaver has been made.

Item #4

Although there were some concerns from Nokia and Siemens regarding the support of several CCTrCH for FDD, the current working assumption within Ad Hoc #4 was not changed, which means:

· For FDD several CCTrCH can be assigned only in downlink for the DSCH

· for TDD several CCTrCH are supported both in UL and DL

Nokia mentioned that the option ‘multiple radio links’ is already written in the S1.12 document and that this option would mean the same as the support of several CCTrCH.

In general, there is confusion about the exact definition of a CCTrCH within the Ad Hoc #4 group, and moreover there is no common understanding if ‘multi-code transmission’ means the same as the support of several CCTrCH.
Due to the lack of time the discussion on this study item could not be finalised.

Item #5

DoCoMo presented Tdoc 421, which suggest the application of Blind Rate Detection (BRD) in downlink in those cases where only a single voice service is transmitted. In all other cases explicit rate detection should be applied. Since Nortel and Ericsson stated that the application of BRD in downlink should depend on the actual number of different transport formats (Nortel suggested less than 5 for this number) instead of certain services, no decision could be made. While all parties agreed that for uplink the limit for BRD only depends on the capability of the base station and needs not to be fixed, for downlink the simple BRD using CRC is only applicable with convolutional coding and the further discussion on the maximum number of different transport formats allowed with BRD is required.

Item #6

In Tdoc 331 Ericsson stated that unequal error protection for certain services (e.g. voice coded with AMR) should be performed by treating different protection classes as individual transport channels instead of using Service Specific Coding (SSC). For this purpose in order to reduce the overhead within the physical layer it was proposed to allow a number of CRC-bits less than the current fixed number of 16 bits. In more detail, Nortel made the proposal to introduce a variable CRC-length in 6steps (0, 6, 8, 10, 12 or 16 bits), which should be possible in general for all services dependent on the data rate.

Since the higher layers are directly affected by these proposals the participants agreed that a liaison statement from WG1 to WG2 will be drafted and the answer has to be analysed before a decision within WG1 can be made.

Additionally, Nortel made the proposal that also for low bit rate bearers Turbo Coding should be applied to allow a unique coding scheme. Since several companies supported this proposal, further investigations on this topic shall be performed. 

Item #7

Since there are two possible channel interleavers which are proposed for UTRAN (MIL and algebraic interleaver), it was decided during the last WG1-meeting that certain simulations should be performed and evaluated before finally one scheme can be adopted in Ad Hoc #4. In the meantime, the simulation parameters have been fixed and the interleaving patterns have been exchanged among the involved companies (DoCoMo, Nortel and Siemens). 

Although there already exist first simulation results presented by Nortel suggesting that the performance of the algebraic interleaver is equivalent to MIL, all companies agreed that the scheduled simulations should be terminated and the results should be cross checked before one scheme finally could be selected.

Moreover, Nortel was asked to provide additional information regarding the implementation complexity of the algebraic interleaver. 

Item #13

After having presented several papers during last WG1 meeting indicating the benefits of Hybrid ARQ type II/III in comparison to HARQ type I and after the decision of WG2 to support HARQ II/III both for FDD and TDD, Siemens presented Tdoc 355 which detailed the incorporation of HARQ II/III into the physical layer. Forhe proposed solution is only one additional box named ‘Redundancy Selection’ has to be added to the modular multiplexing scheme on the transmit side to enable this feature.

Ericsson stated that the respective liaison statement from WG2 should be analysed in the plenary session before a decision on this item could be made. Nokia mentioned concerns that the simulation results on HARQ should be verified with power control.

Due the lack of time no conclusion could be made and therefore the discussion should be continued in the plenary.

Remark
Due to lack of time, item 8-12 and other items could not be treated within the physical meeting. Tdocs 338, 388 and 467 related to item #9 were shifted to Ad Hoc #5. It is for further investigation if the whole item #9 (Optimised puncturing for Turbo codes) should be treated there in future.

Work plan for channel Interleaver selection:

The following schedule was agreed in the drafting group:

- The distribution of the performance simulation results:
    Deadline for 1-TrCH case: 17th May, 1999
    Deadline for 2-TrCH cases: 25th May, 1999
- The submission of the complexity analysis results (from at least proponents: Nortel and DoCoMo):

    Deadline: 1st June, 1999 (physical Ad Hoc 4 meeting in WG1#5)
Note: the performance simulation conditions and the complexity analysis criteria are described in “Ch_intlv.doc” and “Ch_intlv_format.xls” which were distributed on the reflector on 13th April.

The channel interleaver selection criteria will be discussed through the reflector by 17th May and the interleaver to be best according to these criteria will be selected as the recommended working assumption in the physical Ad Hoc 4 meeting during next WG1 meeting in June.
Table 1  Ad Hoc #4: Transport Channel Multiplexing.

Major items
ETSI
ARIB
Discussions 

and Comments
Recommendations 

and Open issues
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Order of 
1st Interleaving (Inter-frame Interleaving) 
and 
Rate Matching
1st Interleaving before 
Rate Matching
Rate Matching 

before 

1st Interleaving
- Whether ETSI scheme should be specified for downlink as an additional option or not.
- Whether ARIB scheme should be specified for uplink as an additional option or not.
During the last WG1 meeting #3, TSGR1#3(99)229 was approved, which suggests that always dynamic rate matching has to be used for TDD. DTX within a timeslot should be avoided since both, the effort for base band processing increases with variable burst length and DTX causes a higher interference level near the midamble
<Working Assumptions>

- For FDD ETSI scheme for uplink
- For FDD ARIB scheme for downlink
- For TDD, ETSI scheme for both uplink and downlink 




3

Physical Channel Segmentation
Physical Channel Segmentation after 
Multiplexing 

of TrCHs with Different QoS
Physical Channel Segmentation before Multiplexing 

of TrCHs with Different QoS

<Working Assumptions>
- For FDD merged scheme between ETSI and ARIB i.e. Physical channel segmentation after multiplexing of TrCHs with Different QoS and before 2nd interleaving.
- For TDD, the same scheme as FDD

<FFS>

- Exact physical channel segmentation rule.
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Code Multiplexing

Supported

Not supported

- If there would be no objections, ETSI scheme could be taken as working assumption for only downlink DSCHs (ARIB scheme for the other TrCHs including downlink DCHs).
<Working Assumptions>
- For FDD ARIB scheme for uplink

- For FDD ETSI scheme for only downlink DSCHs

- For TDD Several CCTrCH are supported
<FFS>

- Dependent on the final result in layer 2/3 group on USCH, discussion to useCode multiplexing also for FDD uplink will start
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Position of TrCHs

In Downlink multiplexing


FFS
Fixed service position
- The exact details on how to use non-fixed positions in the case with explicit rate signalling using TFCI.
- When are TFCI bits used or when is blind rate detection used?

- What is criterion of scheme selection?

  Data rate? (e.g. above 32 kbps for TFCI)

  Number of rates? (e.g. above 4 rates for TFCI)
- It should be possible to prohibit certain transport format combinations on higher layers.  This requires that layer 1 enables flexible starting points of transport channels within a radio frame.  It is proposed that the DTX should be placed in the end of each slot. (TSGR1#3(99)206)

- It is also proposed that fix starting points of the transport channels should not be mandatory in the basestation since it is only needed for blind rate detection. (TSGR1#3(99)206)

- It was proposed that blind rate detection applies in case of a single voice service is transmitted. (TSR1#4(99)421)
<Working assumptions for FDD>

- For transport channels not relying on TFCI for rate detection (blind rate detection), the positions of the transport channels within the frame should be fixed. 
- For transport channels relying on TFCI for rate detection, the positions of the transport channels could be fixed or non-fixed.
<Working assumption for TDD>,

-For transport channels not relying on TFCI for rate detection  (blind rate detection) the starting positions of the transport channels within the frame should be fixed.

-For transport channels relying on TFCI for rate detection, the positions of the transport channels should be non-fixed
<Working Assumption>
- Flexible position is mandatory in both basestation and mobilestation.

- For flexible position, DTX should be kept together.

<FFS>

- For TDD, to use non-fixed positions also in case without TFCI
- The number of different transport formats for blind rate detection.
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Multiplexing of TrCH with Service Specific Coding (SSC)


Supported with 

Coordinated rate matching for all service
Supported with

Coordinated rate matching for all service*
- How to do rate matching when TrCH with service specific coding and TrCH with normal channel coding are multiplexed.

(In last WG1 meeting, two alternative proposal for this issue were introduced as TSGR1#2 (99)119.)

- Necessity of coordination between all services (including TrCH with service specific coding) for downlink rate matching.

(In last WG1 meeting, It was noted that such coordination is necessary at least in the uplink rate matching.)
<FFS>

- For exact scheme, discussion to be continued via e-mail.

- For no SSC option, where should the de-multiplexing (class segmentation) be located: the top of L1 multiplexing chain or L2/3?

- Do we need to keep SSC option? and What exact scheme is necessary for SSC chain?

- The exact lengths and polynominals for other CRC length have not been fixed.   On this item, a liaison statement from WG1 to WG2 will be drafted and the answer has to be analysed before a decision within WG1 can be made.

- For low bit error rate bearers Turbo Coding will be further investigated.





- Where the “Service Specific Coding” (SSC) is located or is SSC option necessary?

<No SSC option (no SSC box) in multiplexing scheme>

- Bits with different protection classes are sent via different transport channels.

- Demultiplexing unit at the top of the multiplexing scheme.

- One code tail per coding rate.

- No-coding option, No-interleaving option, variable/no-CRC option.

<SSC option is retained in multiplexing scheme>

- Several SSC: Un-Equal Protection (UEP), different coding rates, no coding.

- Puncturing is forbidden for the specific channel.

- One overall coding scheme based on rate compatible punctured code.
- It should also be possible to use CRC of other length than 16-bit. (TSGR1#4(99)331, Nortel)

- Nortel made the proposal that also for low bit error rate bearers Tubo Coding should be applied to allow a unique coding scheme. Since several companies supported this proposal, further investigations on this topic shall be performed. 
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Channel Interleaving
Not specified
FS-MIL
- The exact channel interleaving scheme for 2-step interleaving.

(In last WG1 meeting, it was agreed that first S1.12 document describes ARIB scheme for channel interleaving as starting point. Alternative proposal was also introduced as TSGR1#2(99)106)

<FS-MIL>

- Modified rate matching algorithm is used for uplink inter-frame FS-MIL to avoid puncturing for adjacent bits (TSGR1#3(99)203).

-  Inter-frame FS-MIL patterns are specified for each interleaving span (i.e. 10, 20, 40, 80 ms).

- Intra-frame FS-MIL patterns are specified for each physical channel symbol rate (not specified for each TrCH bit size).

<Optimized 1st interleaver>

- Rows and columns permutations in 1st interleaver are defined by congruent system (TSGR1#2(99)106).

- 2nd interleaver is a simple shuffle algorithm.

<Optimized 2nd interleaver>

- Rows and columns permutations in 2nd interleaver are defined by congruent system (TSGR1#2(99)106).

- Simple 1st interleaver (e.g. bit reversal block interleaver)

<FFS>

-  Performance evaluations to be continued for two alternatives: FS-MIL with optimized rate matching and algebraic channel interleaver (Optimized 1st interleaver) under agreed simulation conditions.  
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Multiplexing of TrCHs with Different QoS
Aggregating bits from different TrCHs
Aggregating bits from different TrCHs
- Two possibilities: aggregating bits or shuffling bits from different TrCHs are described in TSGR1#2(99)106

- For both existing channel interleavers: FS-MIL and Algebraic interleaver, aggregating scheme is assumed.
Since there are no concrete proposals of channel interleaving, which cope with shuffling scheme, aggregating bits from different TrCHs could be adopted as working assumption.
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Optimized Puncturing for Turbo-codes

[New item]
Not introduced
Not introduced
- In WG1#3 meeting, in order to achieve the best possible PCCC turbo code performance, Ad Hoc 5 asks Ad Hoc 4 whether there are appropriate rate matching solutions for which the following puncturing guidelines can be incorporated (TSGR1#3(99)319):
(1) Minimize puncturing of systematic coded bits, 
(2)  Provide approximately equal puncturing of parity bits from the two encoders.
<FFS>

- Exact optimized puncturing algorithm for downlink.

- Exact optimized puncturing algorithm for uplink.
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Maximum Amount of Puncturing Allowed

[New item]
P = 0.2 

for both uplink and 

downlink
P = 0.2 

for downlink

P = 0 

for uplink
- Which value of P shoud be taken for uplink puncturing: 0 (no puncturing), 0.2 (maximum 20 % puncturing) or the other values?
<FFS>

- Appropriate value of P for uplink
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Optimized extended TFCI encoding

[New item]
Not introduced
Not introduced
- In WG#3, an optimisation for the extended TFCI encoding proposed as TSGR1#3(99)201.

-  The basic encoding scheme i.e. the usage of two biorthogonal (16, 5) block codes is maintained, however the information is evenly distributed onto both block codes which provides an advantage in terms of required Eb/N0 over the asymmetrical distribution, which is the current working assumption. 
- The introduction of this scheme will require only minor changes and will not affect decoding complexity but will achieve a performance gain of about 0.4 dB.
<FFS>

- If there are no objections, the optimized extended TFCI encoding be adopted as working assumption (Text proposal: TSGR1#3(99)202).
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Radio frame segmentation

[New item]
Not drawn explicitly
Drawn as “Radio frame segmentation” box
- Radio frame segmentation is done when the transmission time interval is longer than 10 ms.

- All radio frame segmented data within the same radio frame are multiplexed into a block on CCTrCH (Coded Composite Transport Channel ).
If there are no objections, the following scheme could be adopted as working assumptions:

- For FDD downlink, frame segmentation after 1st interleaving and before Multiplexing of TrCHs with different QoS.

- For FDD uplink, frame segmentation after 1st interleaving and before rate matching.

- For TDD downlink and TDD uplink, frame segmentation after 1st interleaving and before Multiplexing of TrCHs with different QoS.

<FFS>

- Exact radio frame segmentation rule.
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Hybrid ARQ Type II/III in the Physical Layer

[New item]
Not supported
Not supported
- Some contributions were presented at WG1#3 meeting (TSGR1#2(99)61, TSGR1#3(99)177, 178, 296)

- The extension of the current multiplexing scheme with one additional box on the receiving side for buffering as well as combining, and another new box for the redundancy selection on the transmitting side yields the additional feature, that a specific puncturing pattern also for other services is proposed.  (The document entitled “Support of Hybrid ARQ Type II/III in the Physical Layer” was distributed to the reflector on 9th April).
<FFS>

- The application of the proposed scheme for hybrid ARQ Type II/III in the physical layer.

