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1 Introduction
In RAN4#70bis there was discussion of [1]. The meeting report shows the issues that were raised.
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Source: Ericsson

Abstract: 

Contribution discussing requirements for DRX measurements in cell FACH state 

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

QC: Agree
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

QC: Would like to review more details on proposal 2 in the next meeting.


E///: OK to discuss in the next meeting for this new R11 DRX cycle.

Decision: 

Noted


Overall, there seems to be agreement in RAN4 on the benefit of introducing GSM measurement requirements in cell FACH state with DRX, especially considering the second DRX cycle that was introduced in release 11 under the feFACH work item. We also think that GSM measurement is important when UEs are operating with the first DRX cycle, ie the work should be considered as a part of TEI12 and generally applicable whever the UE is in cell FACH state with DRX configured.
2 Disucssion

To develop the requirements, RAN4 would need to address the empty subsections “8.4a.2.5.1
GSM carrier RSSI, 8.4a.2.5.2
BSIC verification, 8.4a.2.5.2.1
Initial BSIC identification and 8.4a.2.5.2.2
BSIC re-confirmation”. In doing this, the specification should be made in a way which is consistent with

· The methodology which was used for extending the interfrequency and E-UTRA measurements to DRX (in release 7 and release 11 respectively)

· The approach generally taken for GSM measurements in non DRX in cell FACH state

Considering interfrequency and E-UTRA measurements, in cell FACH state with DRX a considerable amount of time could potentially be available for making measurements. However, this would harm UE power consumption, since the primary purpose of configuring DRX should be to allow the UE to sleep and save battery consumption. Therefore, when HS-DSCH reception is ongoing, the available measurement time is not the whole DRX off time. In release 7, an approach was specified where the time used for the measurements in each DRX cycle was assumed to be
TInter FACH,DRX = Min(HS-DSCH DRX cycleFACH - HS-DSCH Rx burstFACH, HS-DSCH Rx burstFACH)- 2*0.5ms [ms]
This means that in case the off duration is greater than the on duration (typical case) the duration of the measurements is assumed to be the same as the on duration of the burst rather than the total available time (the off duration). From this, 2*0.5ms implementation margin for switching is subtracted.

For GSM measurement in non DRX, a 480ms fixed measurement period is specified, and the number of GSM RSSI samples (which may be measured on the same or different ARFCN) that can be collected is a function of the available measurement time. Accuracy requirements are specified to be met if at least 3 samples can be measured of a particular ARFCN during the measurement period. There are also requirements for UE that do not require measurement occasions.
In release 11 work, when the 2nd DRX cycle was introduced, it was recognised that extension of this approach would lead to excessive delays where the DRX off period is much greater than the DRX on period. Therefore upper bounds on the RRM delays are added, so that the interfrequency measurement period is specified as
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For BSIC processing in non DRX there are two requirements. It should be noted that these requirements assume the use of measurement occasions for GSM and are therefore not intended to be power efficient.
1) BSIC verification. This is performed for already known BSIC (which also implies known BSIC timing), and it is specified that UE perform verification for up to 6 strongest RSSI cells, although the specification only specifies Treconfirm,GSM under the assumption that a single cell is in the GSM BSIC verification period at a time. The specification indicates that Treconfirm,GSM represents the number of patterns required to guarantee at least two attempts to decode the BSIC for one GSM BCCH carrier. If the UE fails to decode the BSIC after two successive attempts the UE shall abort the BSIC re-confirmation attempts for that GSM cell. The GSM cell shall be treated as a new GSM cell with unidentified BSIC and the GSM cell shall be moved to the initial BSIC identification procedure.
2) BSIC initial identification. This procedure is performed whenever BSIC is unknown for a cell, for the 6 strongest BCCH carriers (ie strongest RSSI) of the GSM cells indicated in the Inter-RAT cell info list. The UE shall give priority for BSIC decoding attempts in decreasing signal strength order to BCCH carriers with unknown BSIC. Tidentify_GSM is given in a table, and similarly to Treconfirm,GSM it is defined to allow 2 successive attempts to decode the GSM BSIC (ie numerical values of Treconfirm,GSM and Tidentify_GSM are the same.
When it comes to DRX measurements, as analysed in [1] and shown in figure 1, the shortest DRX cycle is 40ms, and the longest DRX on interval is 20ms. 
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Figure-1, Discontinuous HS-DSCH reception in CELL_FACH state
This can be considered as a worst case for which requirements should be developed. In addition, requirements should be defined such that power efficient UE implementations are possible for longer DRX cycles and inactivity ratios.
2.1 GSM carrier RSSI requirements
For non DRX operation, requirements assume that 16 GSM cells can be sampled per 10ms frame including all switching times. Since sampling RSSI of each GSM carrier will need the GSM local oscillator to be retuned, we can then deduce that (10ms/16) = 625µs is assumed to sample the RSSI of GSM carrier. Since the energy needed to sample NGSM carrier RSSI cells is the same whether they are all measured on one DRX off interval or a smaller number of carriers are measured over multiple DRX off intervals, we propose that it would be better to assume that during one DRX off interval, the UE is able to measure the RSSI of 32 GSM cells. Since the smallest possible DRX off period is 20ms, this gives Nmeas,GSM=32 whci is consistent with the minimum requriements for GSM monitoring in cell FACH state. The measurement period will then determine UE power consumption, and we propose

Nmeas,GSM=32 cells, assumed number of cells that can be sampled per DRX cycle.

Tmeasurement_period,GSM=min(30720,max(480ms,Tscale*TDRX_CYCLE*6))
The scaling factor of 4 is selected because 3 such samples are needed per GSM cell to meet measurement accuracy according to TS25.133. With only GSM configured (Tscale=1) this leaves 25% of DRX cycles unused for power saving or other needed activities.
2.2 GSM BSIC initial identification

When the UE detects a cell with strong RSSI (within the top 6), it needs to decode 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. As discussed in [1], in one DRX off period (minimum time 20ms), it is possible to determine GSM frame timing. In principle 17 GSM slots = 17*577µs ≈ 9.8ms is sufficient to determine GSM frame timing, at which point the UE can schedule SCH reception either during the same DRX off period or a future off period. If it has been determined that GSM BSIC initial identification needs to be performed on a certain carrier, then the same energy will be used whether the BSIC identification is performed immediately or delayed until the future, so relaxing the requirement does not allow for further power savings. 
To evaluate the time needed to identify BSIC, simulations were performed using similar simulation assumptions as have been used previously in RAN4 for work on BSIC identification. A worst case GSM reception window with implementation margin of 20.0-2*0.5ms = 19ms is assumed, and the WCDMA FACH DRX cycle is 40m. It is assumed that two decode opportunites for SCH should be available for the minimum requirement, and as per GSM specifications, SCH is transmitted on frames 1,11,21,31 and 41 of each GSM superframe. All possible starting time offsets between the WCDMA DRX cycle and GSM frame timing are evaluated to find the worst case BSIC identification delay.
For this configuration, the worst case BSIC identification delay was found to be approximately 475.96ms. For all other configurations shorter BSIC identification delays can be expected, eg for 80ms DRX cycle with a 20ms on duration, the worst case BSIC identification delay observed is 143.65ms.
As it does not save energy to defer BSIC identification, then based on the simulation result we propose to define a single requirement in DRX of Tidentify_GSM,DRX =500ms. It should be noted that compared with non DRX or cell DCH BSIC identification this time period is quite short. This is due to the large availability of the receiver for GSM reception (at least 19ms out of 40ms) in DRX states, but nevertheless we do no see any benefit from power consumption perspective in delaying BSIC identification once a cell with strong RSSI is identified. Of more relevance for power consumption is the time until the UE is allowed to abort BSIC identification in case the BSIC identification procedure and decoding fails, and the time until it makes the next attempt. In non DRX the requirement for BSIC identification effort is in this case 
	If the UE has not successfully decoded the BSIC of the GSM BCCH carrier within Tidentify, GSM ms, the UE shall abort the BSIC identification attempts for that GSM BCCH carrier. The UE shall continue to try to perform BSIC identification of the next GSM BCCH carrier in signal strength order. The GSM BCCH carrier for which the BSIC identification failed shall not be re-considered for BSIC identification until BSIC identification attempts have been made for all the rest of the 6 strongest GSM BCCH carriers in the monitored set with unknown BSIC.


However, in DRX such a requirement would potentially lead to high power consumption in case the BSIC cannot be decoded, since it would attempt to decode it as soon as other BSIC decoding activies were completed. To avoid this issue, we propose that additionally, BSIC identification is not required to be performed again within [30]seconds of a failed attempt. This is based on a similar methodology to BSIC verification in section 2.3.   
2.3 GSM BSIC verifiaction

Unlike initial BSIC identification (at least in the case that identification succeeds), BSIC verification will be performed continuously on cells where the BSIC has aleady been identified, so a shorter BSIC verification requirement implies greater energy usage. When performing BSIC verification, the UE already knows the expected timing of the target cell, and attempts to perform SCH reception around the expected time rather than searching with unknown timing. Similarly to the result in section 2.2, it could be expected that an SCH transmission during DRX off time occurs more frequently than every 0.5s even for the worst case DRX cycle, however it would potentially be harmful for battery life for a UE to be required decode up to 6 SCH frames every 0.5 seconds.  Hence, it can be seen that the basis for BSIC verification requirements should be those that allow acceptable power consumption, rather than consideration of the decoding possibilities available in the time.
For UE that do not require measurement occasions in non DRX operation, it is specified that they should be able to perform BSIC verification every 10 s for the at least 6 strongest GSM carriers according to 

	2)
For a UE not requiring measurement occasions

The UE shall attempt to check the BSIC for at least the 6 strongest GSM carriers at least every 10 seconds, to confirm that it is monitoring the same cell, as far as UTRA RACH procedure does not prevent UE from decoding BSIC.


Since it would be natural to assume that DRX performance is relaxed compared to non DRX performance, we propose that UE in DRX shall attempt to check the BSIC for at least the 6 strongest GSM carriers at least every [30] seconds, to confirm that it is monitoring the same cell, as far as UTRA RACH procedure does not prevent UE from decoding BSIC.
2.4 Text Proposal

8.4a.2.5
GSM measurements when HS-DSCH discontinuous reception is not ongoing
The requirements in this section apply only to UE supporting FDD and GSM. If E-DCH resources are allocated to the UE or timer T321[16] is running, the UE is not required to perform GSM BSIC identification or RSSI measurement.

To support cell reselection the UE shall always perform BSIC verification in Cell FACH state.
8.4a.2.5.1
GSM carrier RSSI

A UE supporting GSM measurements shall be able to measure at least 32 GSM cells and shall be able to obtain RSSI samples of these cells during a DRX off period. In the CELL_FACH state the measurement period for the GSM carrier RSSI measurement is 

Tmeasurement_period,GSM=min(30720,max(480ms,Tscale*TDRX_CYCLE*6)).
The UE shall meet the measurement accuracy requirements stated for RXLEV in TS 45.008, when the given measurement time allows the UE to take at least 3 GSM carrier RSSI samples per GSM carrier in the monitored set during the measurement period.

In case UTRA RACH procedure prevents the UE from acquiring the required number of samples per GSM carrier during one measurement period, the GSM carriers that were not measured during that measurement period shall be measured in the following measurement periods.
8.4a.2.5.2
BSIC verification

The procedure for BSIC verification on a GSM cell can be divided into the following two tasks:

Initial BSIC identification
Includes searching for the BSIC and decoding the BSIC for the first time when there is no knowledge about the relative timing between the FDD and GSM cell. The requirements for Initial BSIC identification can be found in 8.4a.2.5.2.1.

BSIC re-confirmation
Tracking and decoding the BSIC of a GSM cell after initial BSIC identification is performed. The requirements for BSIC re-confirmation can be found in 8.4s.2.5.2.2.

The BSIC of a GSM cell is considered to be "verified" if the UE has decoded the SCH of the BCCH carrier and identified the BSIC at least one time (initial BSIC identification) and from that moment the BSIC shall be re-confirmed at least once every 30 seconds. Otherwise the BSIC of the GSM cell is considered as "non-verified". 

The UE shall be able to decode a BSIC within a measurement occasion when the time difference between the middle of the received GSM synchronisation burst at the UE and the middle of the measurement occasion is within TBD. 
The UE shall be able to perform BSIC verification at levels down to the reference sensitivity level or reference interference levels as specified in TS 45.005.

8.4a.2.5.2.1
Initial BSIC identification 

The UE shall continuously attempt to decode the BSIC of SCH on the BCCH carrier of the 6 strongest BCCH carriers of the GSM cells indicated in the Inter-RAT cell info list. The UE shall give priority for BSIC decoding attempts in decreasing signal strength order to BCCH carriers with unknown BSIC. The strongest BCCH carrier is defined as the BCCH carrier having the highest measured GSM carrier RSSI value.

If the BSIC of the GSM BCCH carrier has been successfully decoded the UE shall immediately continue BSIC identification with the next GSM BCCH carrier, in signal strength order, with unknown BSIC. The GSM cell for which the BSIC has been successfully identified shall be moved to the BSIC re-confirmation procedure.

The UE is required to decode the BSIC within Tidentify_GSM,DRX =500ms for all DRX cycles. This value guarantees at least two attempts to decode the BSIC for one GSM BCCH carrier.

If the UE has not successfully decoded the BSIC of the GSM BCCH carrier within Tidentify_GSM,DRX =500 ms, the UE shall abort the BSIC identification attempts for that GSM BCCH carrier. The UE shall continue to try to perform BSIC identification of the next GSM BCCH carrier in signal strength order. The GSM BCCH carrier for which the BSIC identification failed shall not be re-considered for BSIC identification until BSIC identification attempts have been made for all the rest of the 6 strongest GSM BCCH carriers in the monitored set with unknown BSIC. Additionally, the UE is not required to attempt to decode the BSIC of a GSM carrier for a period of 30 seconds after an unsuccessful decoding attempt has been made on that GSM carrier.
8.4a.2.5.2.2
BSIC re-confirmation

The requirements of this section are applicable for BSIC re-confirmation.

The UE shall maintain the timing information of 6 identified GSM cells. Initial timing information is obtained from the initial BSIC identification. The timing information shall be updated every time the BSIC is decoded.

If the UE fails to decode the BSIC after two successive attempts the UE shall abort the BSIC re-confirmation attempts for that GSM cell. The GSM cell shall be treated as a new GSM cell with unidentified BSIC and the GSM cell shall be moved to the initial BSIC identification procedure, see section 8.4a.2.5.2.1. The UE shall be able to make BSIC re-confirmation attempts for the 6 strongest GSM cells in the monitored list. 

The UE shall perform BSIC re-confimration at least every Tre-confirm_GSM,DRX =30 seconds. 
3 Conclusions 
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