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1. Introduction

In a previous RAN2 meeting, it was agreed that CDMA system time would be given by the eNB so that single receive terminals could synchronize with the CDMA2000 system without requiring it to read the CDMA synchronization channel (see [1]). The UE would then only have to perform the actual measurements during the gaps provided by the eNB (if the UE requires measurement gaps).
CDMA system time needs to be given to single receive UEs over the BCCH (for idle mode mobility), as well as through dedicated RRC signaling for RRC_CONNECTED mobility (the IE is already part of the MeasurementConfiguration IE).
Currently in 36.331, the CDMA System Time definition is “CDMA system time corresponding to the starting boundary of the radio frame with SFN = 0 in the current SFN period”. This may lead to ambiguities close to the SFN rollover period since the eNB wouldn’t know exactly when the UE would receive the CDMA System time (after HARQ, and ARQ in case of signalling over DCCH).
Also, there are no details in TS36.331 with regards to UE behavior related to CDMA system time acquisition (e.g. how often it has to acquire it).
The purpose of this contribution is to provide a solution to avoid CDMA system time ambiguity close to SFN rollover, and clarify UE behavior with regards to CDMA System Time decoding.
2. Discussion
2.1. CDMA system time ambiguity around SFN rollover

As mentioned above, there may be ambiguity in which SFN period the UE refers to when reading CDMA system time. For instance, when sending CDMA system time using dedicated RRC signalling, the message will go over RLC-AM and HARQ, and may only successfully reach the UE after e.g. 100ms. If the eNB sends this RRC message very close to SFN rollover, and it reaches the UE after SFN rollover, UE may not know for sure if the message was sent in the previous SFN period, or in the new one. ENB could avoid sending this RRC message close to SFN rollover, but that would be unfortunate due to the time-sensitive nature of this message (i.e. it is used to activate CDMA2000 measurements).
One easy solution is to break the SFN period (10.24 seconds) into two, i.e. SFN0 to SFN511 and SFN512 to SFN1023. When sending the CDMA System time to the UE, the eNB would indicate to which SFN (SFN0 or SFN512) the CDMA system time corresponds to. An eNB sending the CDMA System Time close to the SFN0 boundary would then indicate SFN512 as reference to avoid ambiguity. This solution can also be used for CDMA system time sent over SIB8.
Proposal: add a Boolean to the CDMA system time IE to indicate the SFN reference   

2.2. LTE timing locked to CDMA2000 time
The LTE eNB can be synchronized with CDMA if it has a reliable timing source (e.g. GPS). When this is the case, the eNB can indicate that to the UE so that the UE only needs CDMA system time once (i.e. by maintaining LTE synchronization, it maintains CDMA synchronization). Consequently, as long as the UE is synchronized to LTE, it should maintain CDMA2000 timing. 

In RRC_IDLE mode, the UE should also maintain synchronization to LTE in order to e.g. receive pages. UE might go ‘out-of-coverage’, in which case it would re-acquire LTE synchronization upon return to the same cell. Also, in principle, the UE could be switched OFF for a very long time, and then come back in a cell for which it already has valid system information. The UE only has to re-acquire system information (other than MIB and SI-1) every 6 hours, if the value tag has not changed. During the 6 hours, the UE timing source can drift by only ±0.1 ppm x 6 hours = ±51.84ms. That value being much smaller than the 10.24 second SFN period, the UE should have no problem in re-synchronizing to the right SFN period and thus CDMA timing (its LTE timing will be in the worst case ±5 frames off real timing). Note that this is assuming that the timing source is the same as the modulated frequency carrier source (which much be ±0.1ppm reliable as per TS36.101).
In RRC_CONNECTED mode, the UE should remain synchronized to LTE most of the time to e.g. perform reception of control channels. However, it could lose synchronization when going ‘out-of-coverage’ for a certain period of time. In that scenario, UE should re-acquire LTE synchronization upon return from out-of-coverage (similar logic as the one for idle mode can be used). Another possibility for losing LTE synchronization is during long DRX periods (where UE could be required to perform CDMA2000 measurements, if DRX overlaps with gaps). The UE would then have to go directly to CDMA to perform measurements, after a possibly long period during which it was synchronized to LTE. Taking the timing source requirement of ±0.1ppm, this would amount to a drift of 0.1µs during a long 1 second DRX cycle. That sort of drift should not create problems.
One difference to note between idle and connected state is that in connected mode the UE is able to calculate the one-way delay by keeping UL synchronization (through the TA). That allows the UE to compensate for one way airlink delay (for a 5km cell radius, this delay can amount to a 16.67µs error).
Proposals:

· In Idle mode, in case LTE System time is locked to CDMA, single receive UEs should only have to read CDMA system time once from its serving cell

· In Connected mode, in case LTE System time is locked to CDMA, EUTRAN should only have to give CDMA system time once to a UE
2.3. LTE timing NOT locked to CDMA2000 time

If the eNB’s timing is not synchronized with CDMA system time, then its time may drift compared to CDMA time. In order to remain synchronized to CDMA time, dual mode terminals will have to re-acquire CDMA time from time. Just how often single receive UEs have to re-acquire CDMA2000 time depends on the eNB’s oscillator accuracy.  
As per TS36.104, the minimum requirement for frequency error for Wide Area BS is ±0.05 ppm. This would mean that during one SFN period, the eNB’s clock could drift by ±0.05 ppm x 10.24 seconds = ±0.512µs, which corresponds to less than one chip. With CDMA system time being transmitted over 49 bits in units of 8 chips, the accuracy is 6.51µs.  Thus, it would seem that the eNB clock drift is not significant during one SFN cycle and consequently the UE should not have to re-acquire CDMA system time more than once for SFN period (10.24 seconds). 
In Idle mode, one easy way of standardizing UE behaviour is to leave the frequency of re-acquisition of the CDMA system time a UE implementation issue (based on eNB minimum performance requirements).

In RRC_CONNECTED mode, since the UE is not expected to read the CDMA2000-specific SIB, the eNB would have to regularly send CDMA2000 system time in dedicated RRC signalling. Here, there does not seem to be a need to standardize any specific UE behaviour.
Proposals:

· In Idle mode, in case LTE System time is NOT locked to CDMA, single receive UEs should make sure they have adequate CDMA system time. 
· In Connected mode, it is up to EUTRAN to re-give CDMA system time when appropriate
2.4. Intra-LTE Cell reselection or handovers

Once a UE has acquired CDMA2000 system time in one cell, it may trigger intra-LTE cell re-selection, or be moved by the eNB to another LTE cell. 
In idle mode, the UE should only re-acquire the relevant system information upon performing cell-reselection if it doesn’t have valid system info from that cell (either it never stored it, it is outdated or the value tag has changed). Thus, we cannot rely on the UE to re-acquire CDMA system time upon intra-LTE cell reselection, based on existing procedures. When LTE time is locked to CDMA system time, the UE would still need to acquire CDMA system time if eNBs are not synched. In case LTE time is NOT locked to CDMA system time, UE would also need to re-acquire CDMA time upon re-selection. In both cases, it seems easier to request the UE to re-acquire CDMA system time upon reselection.
In connected mode, CDMA system time is provided through dedicated RRC signaling. The expectation is that CDMA system time would be given when activating inter-RAT measurements, and then eNB would give it again periodically in case its time is not locked to CDMA system time. In case of intra-LTE mobility, inter-RAT measurements are not necessarily stopped. If they are not stopped by the target eNB, there is a need for that eNB to re-give the CDMA system time to the UE. Since the UE should already be synchronized to the new eNB, the CDMA system time can be given in the HO command.
Proposals:

· In Idle mode, after an intra-LTE cell re-selection, UE shall re-acquire CDMA system time. Possible optimizations for synchronized eNBs are FFS.
· In Connected mode, EUTRAN should give CDMA system time in the HO command upon intra-LTE HO 
2.5. Dual receiver UEs

Dual receiver UEs can get CDMA system timing directly off the CDMA system, without needing to decode the relevant IE sent by the eNB. Consequently, UE requirements should only be for single Rx terminals, although eNB is still allowed to give CDMA system time to dual Rx terminals if it wishes to.
Proposal: Above UE requirements only apply to single Rx terminals
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4. Text proposal

<First Change>
6.3.4
Mobility control information elements 
4.1.1.1. –
CDMA2000-SystemTimeInfo
The IE CDMA2000-SystemTimeInfo is %%

NOTE:
The UE needs the CDMA system time with a certain level of accuracy for performing measurements as well as for communicating with the CDMA network (HRPD or 1xRTT).

Editor's note:
Changes of CDMA system time should neither result in system information change notifications nor in a modification of the value tag in SI-1.

CDMA2000-SystemTimeInfo information element
-- ASN1START

CDMA2000-SystemTimeInfo ::=


SEQUENCE {


cdma-EUTRA-Synchronisation


BOOLEAN








cdma-SystemTime





SEQUENCE {}







Sfn-Reference





ENUMERATED {SFN0, SFN512}
}

-- ASN1STOP

	CDMA2000-SystemTimeInfo field descriptions

	cdma-EUTRA-Synchronisation

TRUE indicates that the networks are synchronised i.e. there is no drift in the timing between E‑UTRA and CDMA.

	cdma-SystemTime

CDMA system time corresponding to the starting boundary of the radio frame with SFN = 0 or SFN = 512 in the current SFN period


<End of First Change>
<Start of Second Change>
5.2.2.14
Actions upon reception of SIB type 8

Upon receiving SIB type 8, the UE shall:

1>
if the IE “HRPD Pre-Registration Information” is included:

2>
if the IE “HRPD Pre-Registration Allowed” is set to TRUE:

3>
if the UE has no Pre-Registration Zone ID stored or if the stored Pre-Registration Zone ID does not match the IE “HRPD Pre-Registration Zone ID” or any entry in the IE “HRPD Secondary Pre-Registration Zone ID List”:

4>
store the IE “HRPD Pre-Registration Zone ID”;

4>
notify CDMA upper layers to perform pre-registration;

Editor's note
The IEs mentioned in the previous still need to be added to SIB type 8

1> If the IE “CDMA System Time Info” is included:
2>
if the UE has indicated in its UE capabilities that it has single Rx capability for 1xRTT and/or HRPD (“CDMA2000 1xRTT Rx config” and/or “CDMA2000 HRPD Rx config” is set to “single”):
3>
the UE shall decode the IE “CDMA System Time” and consider it to be the valid CDMA time at the SFN indicated in the IE “SFN Reference”;
3>
if the IE “CDMA EUTRA Synchronization” is set to FALSE:

4>
the UE shall assume that the EUTRAN’s timing source is not synchronized with CDMA system time. 

<End of Second Change>
<Start of Third Change>
5.2.2.3
System information to be acquired by the UE

Editor's note:
This procedure only covers the basic requirements, e.g the acquisition of the MIB and the (scheduling information within) SI-1. Furthermore, this specification will specify which SIBs a UE in in RRC_IDLE as well as a UE in RRC_CONNECTED shall acquire. In addition, the RRC connection establishment procedure should specify which SIBs the UE shall acquire prior to initiating connection establishment (if any). In addition, performance requirements may impose requirements regarding the acquisition of certain SIs.

The UE shall
1>
acquire the SI-M and the SI-1 messages;
1>
acquire all SI messages that were received more than 6 hours ago;

1>
if the UE enters a cell for which it has no SI messages stored from a previous access, or if the UE re-enters a cell for which the stored SI messages are outdated i.e. the value tag included in SI-1 message is different from the stored value:
2>
acquire all applicable SI messages;
1> if the UE has indicated in its UE capabilities that it is CDMA2000 capable (1xRTT and/or HRPD) and it has single Rx capability (“CDMA2000 1xRTT Rx config” and/or “CDMA2000 HRPD Rx config” is set to “single”): 
2> 2>
if, in RRC_IDLE, it enters a cell for which it has valid SI messages stored from a previous access:
3>
decode the IE “CDMA System Time Info” if it is present in SIB8.
The UE may apply the received SIBs immediately i.e. the UE does not need to delay using a SIB until all SI messages have been received.
Editor's note:
It is presently unclear what really is the minimum system information the UE should acquire regardless of UE state. Candidates for this minimum information: SI RNTI, information on which SIBs are available, information regarding their validity. Note that the acquisition of the SB could be regarded as optional, i.e. the UE could read BCCH continuously.

Editor's note:
It seems best to specify the scheduling by means of an ‘elementary procedure’, i.e. related to the reception of the related information elements.

Editor's note:
It may be desirable to include a table similar to table 8.1.1 in 25.331.
<End of Third Change>
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