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1 Introduction
According to TS 25.133, there are two sets of RRM requirements when UE is in CELL_FACH state: (1) HS-DSCH discontinuous reception is not ongoing (2) HS-DSCH discontinuous reception is ongoing. When HS-DSCH discontinuous reception is not on-going, (e.g. DRX operation in CELL_FACH is not configured, or inactivity timer not expired, or FACH configured with S-CCPCH), the UE performs continuous reception of the SCCPCH or HS-SCCH (except during measurement occasion frames), which leads to higher UE power consumption than when DRX is used, especially, considering applications which require bursty data transfer. In those cases, UE will be kept in wake-up state and consume power. So HS-DSCH discontinuous reception was specified in release 8 and extended in release 11, offering opportunities for power saving. 

 If the UE is in CELL_FACH State and HS-DSCH discontinuous reception is ongoing, then the requirements on the UE regarding cell reselection and measurement reporting are clearly specified in TS 25.133. However, the requirements for GSM I-RAT cell reselection and measurement reporting in CELL_FACH state, when HS-DSCH discontinuous reception is ongoing is not specified in TS 25.133, whereas I-RAT reselection and measurement is specified for LTE (with WCDMA as serving RAT). Currently, the section- 8.4a.2.5
 “GSM measurements when HS-DSCH discontinuous reception is ongoing” is blank and the section contains a note “Note: Further study is required for GSM measurements when DRX is active, especially regarding BSIC identification and reconfirmation”.

‘GSM measurements when HS-DSCH discontinuous reception is ongoing’ is an important requirement for not only power saving, but also to support proper I-RAT (GSM) mobility with regards to measurements and cell-reselection. Without standardized RRM requirements, the only way that GSM mobility performance can be ensured is to keep UEs in non DRX operation, which is clearly undesirable from a power saving perspective.
In this contribution, we discuss how to update the above mentioned section in 3GPP TS 25.133.
2 Disucssion

HS-DSCH DRX operation in CELL_FACH state  

For the HS-DSCH DRX operation in CELL_FACH, the UTRAN indicates an inactivity time, a DRX cycle length and a RX burst length to UE. In case of bursty type of data transfer, once the data reception is over, the inactivity timer is set and upon expiry of inactivity timer, the HS-DSCH DRX operation in CELL_FACH state is initialized. The inactivity timer is triggered whenever no data transmission activities are ongoing. At this point, the UE shall continuously receive HS-DSCH for the length of the inactivity time configured. Once the inactivity timer has expired, the UE may choose not to receive HS-DSCH for a given time within the period of the configured DRX Cycle. The UE shall receive HS-DSCH for the RX burst length of the DRX Cycle configured. The UE shall interrupt DRX operation in CELL_FACH state and continuously receive HS-DSCH, if data transmission activity is initiated. 
In release 11, a second DRX cycle was introduced. Timer T328 determines the time the UE waits until initiating first DRX operation. The parameters HS-DSCH first DRX cycleFACH and HS-DSCH first Rx burstFACH are configured by the Network. After an additional UL/DL inactivity time, T329 the UE moves to the second DRX Cycle. The parameters HS-DSCH second DRX cycleFACH and HS-DSCH second Rx burstFACH are configured by the NW for the second DRX cycle. The network can also control whether UEs move directly to the 2nd DRX cycle (single level DRX operation) or from the first DRX cycle to the second DRX cycle (dual level operation). 

Proposal

As indicated by the note in 25.133, the main consideration in cell FACH state when DRX is ongoing for defining GSM requirements is BSIC identification and reconfirmation. Considering BSIC identification in DRX operation, it is naturally more efficient to search for BSIC (transmitted in GSM SCH slots) by switching the receiver to GSM for a sufficiently long time period that the BSIC is expected to be identified, rather than performing the measurement in short bursts as is necessary in cell_DCH compressed more, or when using measurement occasions.
Proposal 1 : RAN4 defines GSM BSIC identification, confirmation and measurement requirements when HS-DSCH discontinuous reception is ongoing

The parameters to configure the UE in CELL_FACH state to discontinuously receive HS-DSCH for FDD mode is defined in TS 25.331 sec 10.3.6.36g. HS-DSCH DRX cycleFACH determines the length of the DRX Cycle during DRX operation, in frames and the shortest one is 4 frames e.g. 40 ms duration. HS-DSCH Rx burstFACH determines the period within the DRX Cycle that the UE continuously receives HS-DSCH, in frames and the shortest one is 2 frame e.g. 20 ms. So, the effective time gap that UE will get during the DRX period for worst case will be 40 ms – 20 ms = 20 ms for performing other activities like GSM measurements and cell-reselection. This is depicted in Figure-1. The inactive time will be longer when 2nd DRX is configured, and hence 1st DRX cycle can be considered as a worst case for BSIC identification.
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Figure-1, Discontinuous HS-DSCH reception in CELL_FACH state

As a part of GSM neighbour cell measurement [as specified in TS 45.008] MS has to periodically do several tasks related to measurement and cell-reselection as specified in TS 25.133 sec 8.4.2.5: 

(1) RSSI measurements of neighbour cells: Today, for RSSI measurement, MS just tunes RF to that particular carrier (cell frequency) and collects I,Q samples to measure the RSSI of a carrier. For RSSI measurement, there is no specific slot or time window required to open the RF to receive carrier signal to measure RSSI, as it is not necessary to synchronize to the GSM system to measure RSSI. 

(2) BSIC identification and periodic re-confirmation: If a new cell is found (which is measured as strong RSSI e.g. RSSI level greater than Threshold) then MS receives the SCH channel info to get the cell ID by reading the Base Station Identity Code (BSIC 6 bits = 3 bits NCC-network colour code and 3 bits Base station colour code – BCC) as a part of cell identification task. Once the cell is identified, MS has to re-confirm periodically the identified cell, which is known as cell re-confirmation.  

In cell broadcast frequency’s time slot#0, the cell (BTS) transmits the 51-multi-frame structure (which consists of several channels appearing in time multiplexed manner, like FCCH (F), SCH (S), BCCH (B), CCCH (C) etc.). For BSIC identification, MS first searches for FCCH in the broadcast frequency channel, and if FCCH is found then searches for SCH after one GSM TDMA frame time gap. Once SCH is found then it decodes the BSIC (NCC, BCC) info and also the TDMA frame number information. Once the TDMA frame number is found for a cell, the UE stores the timing information and based on this information is aware about when/where the SCH and other channels will appear from that cell in the multiplexed channel structure. For reconfirmation purpose of that cell, next time onwards UE only opens the RF window around the SCH (expected time slot) slot to receive the SCH channel information for reconfirmation of the cell.

In the scenario explained in the proposal section, within the available 20 ms time (worst case), UE can perform RSSI measure and BSIC re-confirmation of already detected cells easily. But for BSIC identification UE requires longer time (10 GSM frames or  80 GSM slots intervals, as in GSM TDMA frame structure- FCCH and SCH repeats at interval of 10 frames) based on the availability of the FCCH and SCH channel information in the available time gap. Since 10 GSM frames = 46.15ms, it is clearly not possible to guarantee detection of GSM BSIC in a single DRX off occurance. However searching repeatedly for GSM BSIC is clearly undesirable from a UE power consumption perspective, and may also lead to relatively long BSIC identification times.
On the other hand, it is possible to quickly identify the slots (even or odds slots in TDMA frame) where the FCCH and SCH will be appearing in the cell broadcast frequency, and then accordingly UE can schedule reception those time slots (either even or odd slots) instead of continuously searching for the FCCH & SCH over all the time slots. That will help the UE to perform all the required GSM measurement tasks in a time multiplexed manner, as well as minimising the amount of time for which the GSM receiver needs to be active, which is clearly beneficial from a power saving perspectibe 
Proposal 2 : BSIC identification requirements assume that the UE is able to identify the slots where the FCCH and SCH are expected to appear on the cell broadcast frequency
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Figure-2, GSM 51-Multi frame structure and appearance of FCCH and SCH channels 

 There are several advantages for utilizing the available DRX cycle gap for BSIC identification in an efficient manner:
(a) UE in CELL_FACH state can be configured easily for HS-DSCH with DRX, that will lead to more UE power saving. For bursty type of applications, there will not be continuous data transfer, so monitoring HS-SCCH all the time will lead to lot of UE power consumption, instead of that if HS-DSCH with DRX is configured, then UE can save lot of power. Since requirements are not currently defined, the only way in which the network can gurantee GSM reselection performance is not to configure DRX, which is clearly undesirable.
(b) Today in CELL_FACH state, when UE is configured HS-DSCH with DRX on-going, then the available time gap for GSM measurement, especially for BSIC initial identification is too short (~20 ms worst case) to identify the BSIC in single off duration. But, this time can be effectively utilized for RSSI measurement, BSIC reconfirmation and identification using the proposed method in section 3.

(c) The effective GSM cell measurement will help to perform the proper I-RAT cell-selection and re-selection.

(d) That will help to improve the performance of UE in mobility scenarios.  

Work Plan
As the requirements for BSIC identification, reconfirmation and measurement period do not affect other working groups apart from RAN WG4, and the work should be relatively straightforward, we propose that it is considered as a part of TEI12 in RAN4.

So as to complete the work in a timely manner for release 12, we recommend the following timescale

RAN4#70bis (April 2014)

· Discuss and agree on the need for GSM requirements when discontinuous reception is ongoing

RAN4#71 (May 2014)

· Initial BSIC identification and reconfirmation results for alignment purposes

 RAN4#72 (August 2014)
· Further BSIC identification and reconfirmation results

· Agree CR for core requirement
3 Conclusions 
When UE is in CELL_FACH State and HS-DSCH discontinuous reception is not ongoing, then the requirements on the UE regarding cell reselection and measurement reporting is clearly specified in TS 25.133. But, the requirements on the UE regarding GSM cell reselection and measurement reporting in CELL_FACH state when HS-DSCH discontinuous reception is ongoing is not specified in TS 25.133. 
We make the following proposals

Proposal 1 : RAN4 defines GSM BSIC identification, confirmation and measurement requirements when HS-DSCH discontinuous reception is ongoing

Proposal 2 : BSIC identification requirements assume that the UE is able to identify the slots where the FCCH and SCH are expected to appear on the cell broadcast frequency

When DRX is configured the short time gap (20 ms in worst case) can be utilized properly by UE for GSM cell measurement and cell-reselection. To complete the work, we propose the following timescale

RAN4#70bis (April 2014)

· Discuss and agree on the need for GSM requirements when discontinuous reception is ongoing

RAN4#71 (May 2014)

· Initial BSIC identification and reconfirmation results for alignment purposes

 RAN4#72 (August 2014)

· Further BSIC identification and reconfirmation results

· Agree CR for core requirement
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