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Introduction 

In the Release 4 UE Capability specification, TS25.306, CPCH is supported as an optional UE capability.  At RAN2#20 GBT proposed to include CPCH as a required feature in certain terminal classes for Release 5.  RAN2 did not agree to change the specification. It was noted that, at that time, RAN4 specifications for CPCH were not completed and that RAN2 would decide by consensus or by vote to include new features as required features for terminal classes based on the benefits of the new feature.   The RAN4 CPCH specifications for Release 5 are now complete and GBT would like to reopen this discussion.  This contribution lists the qualitative benefits of CPCH over other UL channel options and supports the proposal to include CPCH as a required feature for some terminal classes.  This contribution includes a draft Release 5 CR for 25306 which modifies the capability of certain UE uplink terminal classes to include CPCH as a required feature.

Discussion

Background and Prior Work

In discussion of R2-010956[1] at RAN2#20 in Hayama, the purpose of the parameter tables in TS 25.306 was clarified.  Listing a feature with a “yes” in the parameter table does not require any manufacturer to include that feature in any product.  A “yes” does not make a feature mandatory.  The grouping of features to define terminal classes simply relates to the required conformance tests used for each terminal class.  This same feature grouping may also be used as a convenient shorthand way to describe terminal classes and may have marketing uses.   

CPCH capability saves system resources and decreases interference by providing NRT services more efficiently than other UL channel options, especially for those services with bursty uplink traffic.  A joint contribution by SBC and GBT (R2-010483 [2]) quantifies the gains associated with the use of CPCH for uni-directional and interactive services and applications.  The CPCH capacity gains and reduced infrastructure resource requirements translate into overall reduced infrastructure lifetime capital expenditures for 3G service providers and network operators.  These CPCH cost savings are summarised in a joint contribution by Arthur D. Little and GBT (RP-010263 [3]).  

UE support for both CPCH and DSCH are needed to implement effective packet data services for 3G systems as described in R1-010922[4].  The 3GPP packet data traffic models indicate that CPCH provides benefits for bursty, NRT data services.  CPCH provides benefits over DCH for traffic models which cannot fully utilize the DCH constant bit rate (CBR) uplink circuit.  In a similar way, DSCH provides benefits over DCH for traffic models which cannot fully utilize the DCH CBR downlink circuit.  Both PCPCH and PDSCH are proposed as effective channels for packet data services. R2-010485 [5] lists the applications and services that can benefit from CPCH and DSCH.  25.306 should require both DSCH and CPCH as supported channels in all packet data terminal classes.

This contribution lists the qualitative benefits of the various features of CPCH and provides a comparison with RACH or DCH.  Figure 1 lists the CPCH features addressed in this list of benefits.






Figure 1:  CPCH Features

1. Under heavy loading, CPCH produces less UL interference than RACH by using CSICH broadcast information.

RACH access attempts by UEs requiring UL resources are attempted without any prior knowledge about the availability of RACH resources due to the instantaneous loading of the available RACH channel by other UEs.  As a result UEs who attempt RACH access during high loading conditions will needlessly transmit Access Preambles numerous times in the power ramp up process.  These UEs will receive am AICH-nak and will execute a backoff delay and then reattempt RACH access, again without any assurance that RACH resources are available.  The CSICH  status broadcast provides a current snapshot of available CPCH resources and prevents UEs from attempting access to CPCH channels already in use or when CPCH resources are unavailable.

Under high UL load conditions, both RACH and CPCH make use of broadcast persistency factors which can be used to throttle aggregate access to these uplink common channel resources.  But only CPCH uses a Node B based status broadcast which provides real time status information to CPCH UEs.

This is one of the factors that allows CPCH to operate at higher channel utilisation factors than RACH.  CPCH channels can be operated at aggregate channel loading of 80-90% higher than is possible with RACH.

2. The CD phase of CPCH access provides lower transmission delay in access collisions than RACH.

Both RACH and CPCH use a  power ramp up of short access preambles to initiate uplink access.  For both RACH and CPCH, an access collision between two or more UEs occurs if they attempt access using the same access signature in the same access timeslot.  However, after preamble acknowledgement by Node B, only CPCH uses an additional collision detection (CD) protocol step to permit a UE to access CPCH even after an access collision with another UE has occurred.  Each UE randomly selects a signature/subchannel slot which permits the Node B to discriminate several UEs attempting simultaneous CPCH access.  This CD phase signalling allows the Node B to signal only one of the contending UEs to proceed with CPCH channel access.  This allows the requested CPCH channel to be assigned during an access collision.   

If a Node B responds with an AICH-ack when a RACH access collision occurs, both UEs attempt simultaneous RACH transmission and the messages unsuccessfully collide.  If the Node B responds with an AICH-nak, both UEs execute a backoff delay.  In either case, both UEs will need to repeat RACH access to  successfully send the queued uplink message.  In the case of RACH message collision, the delay consequences are severe. The UL delay for retransmission of RACH message may be very long since it is based not on a short, random backoff, but on the much longer upper layer timeouts for a failed RRC procedure.

Under these high channel loading conditions, CPCH permits UL transmissions with fewer backoffs and lower uplink transmission delay.

3. Under heavy loading, the CD phase of CPCH access permits operation with less UL interference than RACH .

Since a RACH access collision normally leads to a RACH message collision, the UL interference generated by RACH access collisions is greater than with an access collision on a CPCH channel.  As described above, the CPCH access collision can be resolved by the Node B to permit one of the UEs to successfully transmit its uplink message.  With RACH, UL interference is increased by the power of two simultaneous RACH messages, both of which will need retransmission.  With CPCH, a single CPCH message can be transmitted and successfully received even following an access collision.  

4. CD phase of CPCH permits higher channel utilisation than RACH.

As noted above, the CD phase protocol step used in CPCH permits normal CPCH operation following UE access collisions.  Since RACH does not provide this feature, CPCH can serve more traffic on a single CPCH channel than can RACH.  CPCH can operate at higher channel utilisation factors than RACH.  CPCH channels can be operated at aggregate channel loading of 80-90% which is not possible with RACH.

5. Higher message part data capacity in CPCH permits lower UL delays than multiple RACHs.

RACH was designed for robust UL transmission of very short messages.  RACH message part capacity  ranges from 9 to75 bytes of data using spreading factors form 256 to 32 [4].  CPCH is designed to provide robust UL transmission for significantly longer UL messages.  CPCH message part capacity  ranges from 18 bytes/10msec frame to 600 bytes/10 msec frame with lengths from 1 to 64 frames using spreading factors from 128 to 4.  For any given message size which exceeds the capacity of a single RACH, UEs equipped for CPCH transmission will enjoy much lower UL transmission delays than UEs using RACH.   UEs using RACH will be able to send longer messages but only by segmenting the message and sending it over multiple RACH accesses.  For instance assuming spreading factor 128, low loading conditions and immediate access, an uplink message which is 720 bytes long would take  .4 sec if sent by a single CPCH and 1.0 sec if sent via 40 successive RACHs.

6. Longer message part length in CPCH permits higher UE UL data rate than RACH.

CPCH is designed to transmit messages which can be as long as 64 radio frames while RACH is limited to one or two frames.  This is equivalent to a maximum CPCH message size of 38.4 Kbytes (SF 4) for each CPCH access attempt.  As with RACH, UEs may repeatedly access CPCH in order to send much longer messages.    Because the access protocols for RACH and CPCH are similar and both take about 15 msec for a successful access, CPCH provides an individual UE a much higher rate UL channel than RACH.  If you compare the UE uplink maximum data rate for continuous RACH accesses compared to continuos CPCH accesses at the same spreading factor (SF 32) for large UL messages (FTP transfers),  RACH provides a 24 kbps while CPCH provides 57.7 kbps.  This comparison is valid for CPCH configured by the operator to use 64 frames as the maximum CPCH message part size,  If the operator configures CPCH to use 1 or 2 as the maximum message size, individual UE uplink data rate for CPCH is equivalent to RACH.

7. Lower spreading factors for CPCH message provides higher UE UL capacity than RACH.

The CPCH message part transmission is designed to provide instantaneous uplink data rates equivalent to the DCH.  In this way CPCH may use spreading factors from 128 to 4, while RACH uses spreading factors 256 to 32.  This means that for UEs operating close to the Node B where the link budget permits operation at lower spreading factors, CPCH provides a throughput rate 8 times higher than RACH can provide.  More importantly, CPCH uplink transmission at higher data rates means that the average uplink message size may be transmitted in a fraction of the time needed at higher spreading factors.  Under these conditions, a single CPCH can serve more UEs  than a single RACH.

8. Use of CLPC on CPCH message provides higher aggregate UL cell capacity than RACH

Simulations and system tests by many companies have shown that CLPC permits CDMA transmission at lower power levels than is achievable using OLPC when operating on static or slow fading channels.  RACH is designed to use OLPC on very short messages, while CPCH provides CLPC on the message part.  GBT’s simulations [6] have shown that CLPC provides a capacity benefit for UEs travelling at low and medium speeds (>70 Hz fade rates). This CLPC provides .8-2 db more capacity for CPCH than for RACH for these low mobility UEs.

9. CPCH access provides lower UL delay than DCH access

Because CPCH (like RACH) is a common default UL channel, UEs may immediately access CPCH resources without using an RRC procedure to obtain additional UL resouorces.  When the UE has queued UL data for transmission in the MAC layer, the UE may immediately use the MAC procedure for CPCH access to transmit the queued data.  For uplink transmissions requiring DCH (voice), this immediate access is not possible because the RRC must first be alerted to the need for DCH and then RRC must reconfigure the UE to use DCH.  This DCH setup time requires approximately 400 msec: 300 msec network response time to RACH request, 50 msec UE response time to PHY Reconfig in FACH,  and 50 msec DCH initialization time.  When CPCH is used for UL traffic, the transmission delay for CPCH is approximately 400 msec lower than that for DCH.  
10. For bursty UL traffic, CPCH access uses less RNC processing and less Iub/Iur signalling than DCH.

An additional consequence of the UEs ability to use CPCH as a default in the UL is that the RNC processing load and interface signalling loads are greatly reduced.  If one considers using DCH for interactive data services, there are two options: hold the DCH for the entire data call or release the DCH between data transmissions.  Holding a DCH for an entire data call may be inefficient, depending on the duty cycle of the data transmissions needed to support the call.  Likewise, releasing and re-establishing the DCH for each individual data transmission in UL or DL  uses considerable Iub/Iur interface bandwidth for signalling and  uses considerable RNC resources for repeated reconfigurations.  Using CPCH/FACH instead of DCH can provide these data call services using less interface and RNC resources.

11. Fast CPCH access can maintain IP connections in cases where DCH access delay causes time outs.

The UEs ability to use CPCH with lower UL transmit delay may avoid upper layer connection re-establishments.  Upper layer IP connection timeout values are typically established for wired networks, and PC-based applications may need to operate on wireless networks without any perceptible degradations.  For IP traffic and interactive data applications carried on wireless networks, the connection timeout values may not be significantly greater than those already in use for wired networks.   Any additional transmit delay due to the RRC procedures may cause upper layer connections to time-out and require time consuming re-establishment procedures.  Since fast CPCH access reduces UL transmission delay when compared to DCH access, CPCH reduces the probability of  upper layer IP connection timeouts.

12. EOT signal in CPCH provides immediate release and reuse of UL/DL resources and permits higher UL capacity in the cell than DCH for bursty uplink traffic.

The CPCH channel may be released by the UE using a EOT signal to the Node B.  This immediate release of resources is efficient and is not possible using DCH.  With DCH the UL buffers are transmitted until they are empty and then the UE must maintain the DCH (UL and DL DPCCHs) until the RRC detects that data transmission on the DCH has ceased.  RRC typically uses an inactivity timer for each established DCH.  The RRC function may release the DCH resource after the inactivity timer is triggered.  A typical DCH release requires approximately 550 msec: 300 msec inactivity time, 200 msec RAN network round trip transmission time, and 50 msec UE response time to PHY Reconfig sent in DL  DCH.  Since CPCH releases and may reuse resources immediately, a single CPCH channel, in the aggregate, can carry more bursty UL data than a single DCH channel.
13. CPCH with immediate release permits higher UE transmit duty cycle, using fewer Node B modems than DCH for given traffic load. 

An additional consequence of immediate release and reuse of CPCH resources is related to aggregate Node B resources.  For UL traffic on DCH, Node B channel modems may not be released and reassigned to another user until RRC detects the need for reconfiguration and then releases the DCH.  If the duty cycle of UL DCH is 80% [2.0 seconds UL data transmission/ (2.0 transmit + .5 sec DCH release)], then 5 DCH modems would be needed to provide the same service as 4 CPCH modems for equivalent UL traffic at the same spreading factor.

DSCH provides benefits in the DL for packet data terminals and is included as a required feature for certain terminal classes in TS25.306. Since CPCH provides similar benefits in the UL for packet data terminals, it is appropriate to include it now as a required feature for some terminal classes.

Proposal

RAN2 should discuss this draft CR to add required UE support for CPCH to TS25.306 for Release 5.
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5.2.3
Combinations of UE Radio Access Parameters for UL
Table 5.2.3.1: UE radio access capability parameter combinations, UL parameters

Reference combination of UE Radio Access capability parameters in UL 
32kbps class
64kbps class
128kbps class
384kbps class
768kbps class

Transport channel parameters






Maximum sum of number of bits of all transport blocks being transmitted at an arbitrary time instant
640
3840
3840


6400 
10240

Maximum sum of number of bits of all convolutionally coded transport blocks being transmitted at an arbitrary time instant 
640
640
640
640
640

Maximum sum of number of bits of all turbo coded transport blocks being transmitted at an arbitrary time instant 
NA
3840
3840
6400
10240

Maximum number of simultaneous transport channels
4
8
8
8 
8

Maximum number of simultaneous CCTrCH(TDD only)
1
NOTE 3
2
NOTE 3
2
NOTE 3
2
NOTE 3
2
NOTE 3

Maximum total number of transport blocks transmitted within TTIs that start at the same time
4
8 
8 
16
32 

Maximum number of TFC in the TFCS
16 
32
48
64
128

Maximum number of TF
32
32
32
32
64

Support for turbo encoding
No
Yes
Yes
Yes
Yes

Physical channel parameters (FDD)






Maximum number of DPDCH bits transmitted per 10 ms
1200
2400
4800
9600
19200

Simultaneous reception of SCCPCH and DPCH

NOTE 2
No
No
Yes/No

NOTE 1
Yes/No

NOTE 1
Yes/No

NOTE 1

Simultaneous reception of SCCPCH, DPCH and PDSCH

NOTE 2
No
No
No
No
No

Support of PCPCH

NOTE 4
Yes/No

NOTE 1
Yes/

Yes

Yes

Yes/No

NOTE 1

Physical channel parameters (TDD 3.84 Mcps)






Maximum Number of timeslots per frame
1
2
3
7
9

Maximum number of physical channels per timeslot
1
1
1
1
2

Minimum SF
8
2
2
2
2

Support of PUSCH
Yes/No

NOTE 1
Yes
Yes
Yes
Yes

Physical channel parameters (TDD 1.28 Mcps)






Maximum Number of timeslots per subframe
1
2
3
5
5

Maximum number of physical channels per timeslot
1
1
1
1
2

Minimum SF
4
2
2
2
2

Support of PUSCH
Yes/No

NOTE 1
Yes
Yes
Yes
Yes

Support of 8PSK
No
No
No
No
No

NOTE 1:
Options represent different combinations that should be supported with conformance tests.

NOTE 2:
The downlink parameters 'Simultaneous reception of SCCPCH and DPCH' and 'Simultaneous reception of SCCPCH, DPCH and PDSCH' are included in the combinations for uplink as their requirements relate to the uplink data rate. Simultaneous reception of SCCPCH and DPCH is required for the DRAC procedure that is intended for controlling uplink transmissions. In this release of the specification, this is limited to 1 SCCPCH.
NOTE 3:
This number does not contain the RACH CCTrCH.

NOTE 4:
Support of PCPCH means that the UE supports PCPCH access for both the CA not active case and for the CA active case.
(1-64 frames)
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