TSG-RAN Working Group 2, Meeting #27 
R2-020306
Orlando, USA, 18th – 22nd February, 2002

Agenda item: 


6.13
Source: 


Ericsson
Title: 





Corrections and clarifications of Radio link timing
Document for:

Discussion and decision
1. Scope

This contribution discusses an ambiguity in the TS 25.331 concerning the specification of radio link timing for the case of timing maintained hard handover. When evaluating the two possible solutions, the introduction of RL timing adjustments in REL-5 is also taken into account.

2. Discussion

2.1 Introduction

The “Default DPCH offset value” and the “DPCH frame offset” for the first RL concern the same timing information. Hence RRC specifies that the value of these IEs should have corresponding values. If this is not the case, the UE shall consider the requested configuration to be invalid.

This consistency check shall not only be performed when both parameters are included in the same message. The UE is required to store the “Default DPCH offset value” in a variable (DOFF) for later use. The only case in which the DOFF variable is re- used is the timing re- initialised hard handover; in case UTRAN does not signal the value the UE shall apply the stored value. If UTRAN does not provide a value and the UE does not have a DOFF value is stored, it shall apply value 0. In all these three cases (UE receives new value, UE applies stored value, UE applies 0) the UE shall perform the consistency check between DOFF and DPCH frame offset.

2.2 Problem and proposed solution

2.2.1 Ambiguity, timing maintained hard handover

In case of timing maintained hard handover, the CFN value should be maintained. The formula for calculating the CFN value e.g. upon entering CELL_DCH is as follows:

-
for FDD:


CFN = ((SFN*38400 - DOFF) div 38400) mod 256

-
for TDD:


CFN = (SFN - DOFF) mod 256
The above formula shows that upon timing maintained hard handover the DOFF should be adjusted to compensate for differences in the SFN, as follows:


CFN1 = ((SFN1*38400 – DOFF1) div 38400) mod 256 =


CFN2 = ((SFN2*38400 – DOFF2) div 38400) mod 256 (

DOFF2 = (DOFF1 - (SFN1- SFN2)*38400) mod 307200

Upon timing maintained hard handover, it is optional for UTRAN to include the IE "Default DPCH Offset Value". RRC further specifies that if UTRAN includes the IE "Default DPCH Offset Value", it should:

-
include the same value of IE "Default DPCH Offset Value" as the one currently being used by the UE.

NOTE:
The first radio link listed in the message may not be the reference radio link.

Likewise, it is stated that the UE shall reject the handover if:

-
on reception of a message where the value of IE "Default DPCH Offset Value" is not the same as the one currently being used by the UE:

Although the wording “the one currently being used by the UE” is somewhat ambigous, the most likely interpretation would however be that the actual value is not changed. The above specification does not result in interoperability problems when both UTRAN and UE have the same interpretation that the DOFF does not change in this case, even though this is quite strange. If however either UTRAN or the UE adjusts the DOFF according to the formula given above, the timing maintained hard handover will fail if UTRAN includes IE "Default DPCH Offset Value". Furthermore, subsequent timing re- initialised hard handovers using messages not including IE “Default DPCH offset value” will also fail.

2.2.2 Evaluation of solutions

There are basically two main solutions to the problem with the timing maintained hard handover outlined in the above:

· Keep DOFF variable: To clarify that UTRAN should not include the IE “Default DPCH offset value” and to clarify the condition in which UE reject the value, namely if the use of the newly signalled IE “Default DPCH offset value” results in a CFN value different from the one currently being used

· Remove DOFF variable: To remove the DOFF variable entirely and concequently to apply the consistency check only for messages including both the “Default DPCH offset value” and the “DPCH frame offset” for the first RL (messages initiating transition to CELL_DCH and messages used to perform timing re- initialised hard handover).

The following table provides an overview of the impact analysis for of the above two solutions for all hard handover scenarios.

	Scenario
	Current UE
	Keep DOFF variable 
	Remove DOFF variable

	Timing re- initialised HO, DOFF is provided (normal case)
	· UE shall check consistency with new DPCH frame offset and store the DOFF
	· No change
	· No change

	Timing re- initialised HO, no DOFF provided (uncommon case)
	· UE shall use stored DOFF or 0 if nothing is stored

· UE shall check consistency with new DPCH frame offset
	· No change
	· UE shall reject

	Timing maintained HO, DOFF is not provided (normal case)
	· No consistency check

· Should UE update stored DOFF e.g. for later timing re- initialised HO with no DOFF provided ?
	· No consistency check

· The UE shall update the stored DOFF to maintain consistency with DPCH frame offset or does the stored DOFF value need not remain consistent with the DPCH frame offset ?
	· No change

	Timing maintained HO, DOFF is provided (uncommon case)


	· UE shall check if the received DOFF is the same as the one “currently used” and store DOFF

· Nothing is stated about consistency check between DOFF and DPCH frame offset of  1st RL
	· UTRAN should not provide DOFF

· The UE shall reject if the received DOFF will result in CFN jump or if the value does not correspond with the DPCH frame offset for the 1st RL

· If succesful, the UE shall update the stored DOFF
	· UTRAN should not provide DOFF

· UE shall ignore the IE

( there is no need to reject at this time since the procedure can be succesfull and the DOFF is not re- used anyhow. If UTRAN later wants to apply a timing re- initialised HO with no DOFF included, the UE will reject at that time since then it can really not progress


When comparing the two solutions the following should be considered:

· The solution involving a removal of the DOFF variable has somewhat more impact, but this only concerns uncommon cases; it is unlikely that the DOFF remains the same in case of a timing re- initialised hard handover (e.g. it requires that the DPCH frame offset of the 1st RL need not be changed to compensate for differences in propagation delays). Moreover, UTRAN can easily avoid the use of these uncommon scenario’s

· There is little gain in maintaining the DOFF variable; the only advantage is to reduce the message size for the timing re- initialise hard handover case. However, as stated in the previous bullet, this option can only be used in rare cases since in most cases the Default DPCH offset value needs to be modified

· Currently it is not specified that DOFF variable shall be updated to remain consistent with the actual DPCH frame offset for the 1st RL. As stated in the previous, the timing of the 1st RL is likely to change upon timing maintained hard handover (to compensate for differences in propagation delay). Thus, the DOFF variable is merely a number not directly related to the actual radio interface timing that in most cases can not be re- used

· In REL-5 radio link timing adjustment will be introduced. If the DOFF variable is maintained, it should be clarified if changes in the frame timing of the 1st RL should result in an update of the DOFF variable or whether the DOFF variable will only remain as it is today

Although there is no stron preference, considering that the impact is limited, there are no real other drawbacks and the specification will become clearer the proposal is to apply the solution involving a removal of the DOFF variable.

3. Conclusion and proposal

The R99 release of the RRC protocol already provides signalling support for adjusting the downlink timing of radio links. However, some clarification is needed concerning two points:

1. the relation between the DOFF and the DPCH frame ofsset and

2. the UE action when the “DPCH frame offset” value reaches/ crosses the border of the value range.

The proposal is to provided the first clarification by means of a correction to R99,  since there are related problems in R99 already. This means that for REL-5 the the impact is limited to the 2nd issue. 

If the proposed approach is agreed, a CR will be drafted to R99. Furthermore, RAN 3 needs to be informed so they can update the TR. Finally a CR to REL-5 needs to be prepared.
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8.3.5
Hard handover

When performing hard handover with change of frequency, the UE shall:

-
stop all intra-frequency and inter-frequency measurements on the cells listed in the variable CELL_INFO_LIST until a MEASUREMENT CONTROL message is received from UTRAN.

8.3.5.1
Timing re-initialised hard handover

8.3.5.1.1
General

The purpose of the timing re-initialised hard handover procedure is to remove all the RL(s) in the active set and establish new RL(s) along with a change in the UL transmission timing and the CFN in the UE according to the SFN of the target cell.(see subclause 8.5.15).
This procedure is initiated when UTRAN does not know the target SFN timing before hard handover.

8.3.5.1.2
Initiation

Timing re-initialised hard handover initiated by the UTRAN is normally performed by using the procedure "Physical channel reconfiguration" (subclause 8.2.6), but may also be performed by using either one of the following procedures:

-
"radio bearer establishment" (subclause 8.2.1);

-
"Radio bearer reconfiguration" (subclause 8.2.2);

-
"Radio bearer release" (subclause 8.2.3); or

-
"Transport channel reconfiguration" (subclause 8.2.4).

If IE "Timing indication" has the value "initialise", UE shall:

-
execute the Timing Re-initialised hard handover procedure by following the procedure indicated in the subclause relevant to the procedure chosen by the UTRAN.
In this case of a timing re-initialised hard handover, UTRAN should include the IE "Default DPCH Offset Value" and:

-
in FDD mode:

-
set "Default DPCH Offset Value" and "DPCH frame offset" respecting the following relation

(Default DPCH Offset Value) mod 38400 = DPCH frame offsetj
-
where j indicates the first radio link listed in the message and the IE values used are the Actual Values of the IEs as defined in clause 11.

If the IE "Default DPCH Offset Value" is included, the UE shall:

-
in FDD mode:

-
if the above relation between "Default DPCH Offset Value" and "DPCH frame offset" is not respected:

-
set the variable INVALID_CONFIGURATION to true.

If the IE "Default DPCH Offset Value" is not included, the UE shall:


-
set the variable INVALID_CONFIGURATION to true.













8.3.5.2
Timing-maintained hard handover

8.3.5.2.1
General

The purpose of the Timing-maintained hard handover procedure is to remove all the RL(s) in the active set and establish new RL(s) while maintaining the UL transmission timing and the CFN in the UE.
This procedure can be initiated only if UTRAN knows the target SFN timing before hard handover. The target SFN timing can be known by UTRAN in the following 2 cases:

-
UE reads SFN when measuring "Cell synchronisation information" and sends it to the UTRAN in MEASUREMENT REPORT message.

-
UTRAN internally knows the time difference between the cells.

8.3.5.2.2
Initiation

Timing-maintained hard handover initiated by the network is normally performed by using the procedure "Physical channel reconfiguration" (subclause 8.2.6), but may also be performed by using either one of the following procedures:

-
"radio bearer establishment" (subclause 8.2.1);

-
"Radio bearer reconfiguration" (subclause 8.2.2);

-
"Radio bearer release" (subclause 8.2.3); or

-
"Transport channel reconfiguration" (subclause 8.2.4).

If IE "Timing indication" has the value "maintain", UE shall initiate the Timing-maintained hard handover procedure by following the procedure indicated in the subclause relevant to the procedure chosen by the UTRAN. In this case UTRAN should not include the IE "Default DPCH Offset Value".




If the IE "Default DPCH Offset Value" is included, the UE shall:

-
ignore the IE "Default DPCH Offset Value".




8.5.15
CFN calculation

The DOFF used in the formulas in this clause concerns the value of IE "Default DPCH Offset Value" received in the message that instructs the UE to enter CELL_DCH state or to perform timing re- initialised hard handover.

8.5.15.1
Initialisation for CELL_DCH state after state transition
When the UE receives any of the messages causing the UE to perform a state transition to CELL_DCH, the UE shall set the CFN in relation to the SFN of the first radio link listed in the IE "Downlink information per radio link list" included in that message according to the following formula:

-
for FDD:


CFN = (SFN - (DOFF div 38400)) mod 256


where the formula gives the CFN of the downlink DPCH frame which starts at the same time as or which starts during the PCCPCH frame with the given SFN.
-
for TDD:


CFN = (SFN - DOFF) mod 256.
8.5.15.2
Initialisation in CELL_DCH state at hard handover

When the UE is in CELL_DCH state and receives any of the messages causing the UE to perform a hard handover, the UE shall check the IE "Timing indication" in that message and:

-
if IE "Timing indication" has the value "initialise" (i.e. timing re-initialised hard handover):

-
read SFN on target cell identified by the first radio link listed in the IE "Downlink information per radio link list" included in that message;

-
set the CFN according to the following formula:

-
for FDD:


CFN = (SFN - (DOFF div 38400)) mod 256


where the formula gives the CFN of the downlink DPCH frame which starts at the same time as or which starts during the PCCPCH frame with the given SFN.

-
for TDD:

CFN = (SFN - DOFF) mod 256.
-
if IE "Timing indication" has the value "maintain" (i.e. timing-maintained hard handover), the UE shall keep CFN with no change due to the hard handover, and only increase CFN (mod 256) by 1 every frame.
8.5.15.3
Initialisation for CELL_FACH

When the UE performs cell selection, re-selection or changes to CELL_FACH state the UE shall set CFN for all common or shared channels according to:


CFN = SFN mod 256


where the formula gives the CFN of the downlink common or shared channel frame which starts at the same time as or which starts during the PCCPCH frame with the given SFN.

After the initialisation, the CFN in the UE is increased (mod 256) by 1 every frame.
8.5.15.4
Initialisation after intersystem handover to UTRAN

Upon inter RAT handover to UTRAN the UE shall, regardless of the value received within IE "Timing indication" (if received):

-
read SFN on target cell and set the CFN according to the following formula:

-
for FDD:


CFN = (SFN - (DOFF div 38400)) mod 256


where the formula gives the CFN of the downlink DPCH frame which starts at the same time as or which starts during the PCCPCH frame with the given SFN.
-
for TDD:


CFN = (SFN - DOFF) mod 256.

8.6.6.14
DPCH frame offset

If "DPCH frame offset" is included in a message that instructs the UE to enter CELL_DCH state:

-
UTRAN should:

-
if only one Radio Link is included in the message:

-
set "Default DPCH Offset Value" and "DPCH frame offset" respecting the following relation:


(Default DPCH Offset Value) mod 38400 = DPCH frame offset

-
where the IE values used are the Actual Values of the IEs as defined in clause 11.

-
if more than one Radio Link are included in the message:

-
set "Default DPCH Offset Value" and "DPCH frame offset" respecting the following relation:


(Default DPCH Offset Value) mod 38400 = DPCH frame offsetj
-
where j indicates the first radio link listed in the message and the IE values used are the Actual Values of the IEs as defined in clause 11.

-
The UE shall:

-
on reception of a message where the above relation between "Default DPCH Offset Value" and "DPCH frame offset" is not respected:

-
set the variable INVALID_CONFIGURATION to true.
If the IE "DPCH frame offset" is included the UE shall:

-
use its value to determine the beginning of the DPCH frame.

8.6.6.21
Default DPCH Offset Value

The UE shall:

-
if the IE "Default DPCH Offset Value" is included:

-
use its value to determine Frame Offset and Chip Offset from the SFN timing in a cell.





10.3.6.16
Default DPCH Offset Value
Indicates the default offset value within interleaving size at a resolution of 512chip (1/5 slot) in FDD and a resolution of one frame in TDD to offset CFN in the UE. This is used to distribute discontinuous transmission periods in time and also to distribute NodeB-RNC transmission traffics in time. Even though the CFN is offset by DOFF, the start timing of the interleaving will be the timing that "CFN mod (interleaving size)"=0 (e.g. interleaving size: 2,4,8) in both UE and SRNC.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	CHOICE mode
	
	
	
	

	>FDD
	
	
	
	

	>>Default DPCH Offset Value (DOFF)
	MP
	
	Integer (0..306688 by step of 512)
	Number of chips=.

0 to 599 time 512 chips, see [10].

	>TDD
	
	
	
	

	>>Default DPCH Offset Value (DOFF)
	MP
	
	Integer(0..7)
	Number of frames; See [10]


10.3.6.21
Downlink DPCH info for each RL

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	CHOICE mode
	MP
	
	
	

	>FDD
	
	
	
	

	>>Primary CPICH usage for channel estimation
	MP
	
	Primary CPICH usage for channel estimation 10.3.6.62
	

	>>DPCH frame offset
	MP
	
	Integer(0..38144 by step of 256)
	Offset (in number of chips) between the beginning of the P-CCPCH frame and the beginning of the DPCH frame

This is called (DPCH,n in [26]

	>>Secondary CPICH info
	OP
	
	Secondary CPICH info 10.3.6.73
	

	>>DL channelisation code
	MP
	1 to <maxDPCH-DLchan>
	
	For the purpose of physical channel mapping [27] the DPCHs are numbered, starting from DPCH number 1, according to the order that they are contained in this IE.

	>>>Secondary scrambling code
	MD
	
	Secondary scrambling code 10.3.6.74
	Default is the same scrambling code as for the Primary CPICH 

	>>>Spreading factor
	MP
	
	Integer(4, 8, 16, 32, 64, 128, 256, 512)
	Defined in CHOICE SF512-AndCodenumber with "code number" in ASN.1.

	>>>Code number
	MP
	
	Integer(0..Spreading factor - 1)
	

	>>>Scrambling code change 
	CH-SF/2
	
	Enumerated (code change, no code change)
	Indicates whether the alternative scrambling code is used for compressed mode method 'SF/2'. 

	>>TPC combination index
	MP
	
	TPC combination index 10.3.6.85
	

	>>SSDT Cell Identity
	OP
	
	SSDT Cell Identity 10.3.6.76
	

	>>Closed loop timing adjustment mode
	CH-TxDiversity Mode
	
	Integer(1, 2)
	It is present if current TX Diversity Mode in UE is "closed loop mode 1" or "closed loop mode 2".

Value in slots

	>TDD
	
	
	
	

	>>DL CCTrCh List
	MP
	1..<maxCCTrCH>
	
	

	>>>TFCS ID
	MD
	
	Integer(1..8)
	Identity of this CCTrCh.

Default value is 1 

	>>>Time info
	MP
	
	Time Info 10.3.6.83
	

	>>>Common timeslot info
	MD
	
	Common Timeslot Info 10.3.6.10
	Default is the current Common timeslot info

	>>>Downlink DPCH timeslots and codes
	MD
	
	Downlink Timeslots and Codes 10.3.6.32
	Default is to use the old timeslots and codes.

	>>>UL CCTrCH TPC List
	MD
	0..<maxCCTrCH>
	
	UL CCTrCH identities for TPC commands associated with this DL CCTrCH. Default is previous list or all defined UL CCTrCHs 

	>>>>UL TPC TFCS Identity
	MP
	
	Transport Format Combination Set Identity 10.3.5.21
	


	Condition
	Explanation

	SF/2
	The information element is mandatory present if the UE has an active compressed mode pattern sequence, which is using compressed mode method "SF/2". Otherwise the IE is not needed.

	TxDiversity Mode
	This IE is mandatory present if current TX Diversity Mode in UE is "closed loop mode 1" or "closed loop mode 2". Otherwise the IE is not needed.
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