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1. Introduction
This paper is a re-submission of [12] with only a few minor editorial changes.
In last RAN2#102 meeting, an LS [1] has been sent to RAN4 to inform RAN4 of RAN2 progress on CGI reporting for ANR and asked for RAN4 confirmation on RAN2 agreements. The LS further asked RAN4 a number of questions. The RAN2 LS was sent to RAN4 and RAN3, the RAN4 part of the LS is as following:
RAN2 has discussed ANR (reportCGI functionality in RRC) for Intra-NR and Inter-RAT with LTE:

· Intra-RAT ANR (including inter and Intra frequency) 

· Inter-RAT ANR towards LTE cell. 

· Inter-RAT ANR towards NR cell without EN-DC

· Inter-RAT ANR towards NR cell with EN-DC

 . RAN2 would like to inform RAN3 and RAN4 with the following RAN2 progress (for further detail, please annex):

…..
To RAN4:
RAN2 has made the following agreements:

· Agreement 1: If reportCGI for NR cell is configured by eNB, then UE behaviour follows inter-RAT ANR T321 value; if reportCGI for NR cell is configured by gNB, then UE behaviour follows intra-RAT ANR T321 value.

· Agreement 2: RAN2 agreed that for UE capability for ANR towards NR cell, DRX based reading of ANR towards NR cell related measurement should be supported

· Agreement 3:  RAN2 agreed to introduce a UE capability bit in NR for

· Intra-RAT ANR (including inter and Intra frequency) 

· Inter-RAT ANR towards LTE cell. 

· Inter-RAT ANR towards NR cell without EN-DC

· Inter-RAT ANR towards NR cell with EN-DC

· Agreement 4: For ANR support, RAN2 sees no need to differentiate between FR1 and FR2. 

RAN2 would also like to ask RAN4 the following questions:

Q 1: What is the value of T321 for Intra-NR ANR and Inter-RAT ANR with LTE in the following ANR measurement cases:

· UE served by LTE cell towards NR cell (with and without EN-DC configured)

· UE served by NR cell towards NR cell (with and without EN-DC configured)

· UE served by NR cell towards LTE cell (without EN-DC configured)

Q 2: Is it feasible to use autonomous gap for Intra-NR ANR and Inter-RAT ANR towards NR cell? 

Q 3. Is there a difference between FR1 and FR2 for ANR from RAN4 perspective? 

Actions
To RAN4:

ACTION:  RAN2 would like to verify with RAN4 the aforementioned agreement 1, agreement 3 and agreement 4. RAN2 would also like to have RAN4 answer and feedback on the aforementioned Q1, Q2 and Q3.

This paper provide some initial analysis on RAN2 agreements’ and further feedback answers to RAN2 questions.

2. Discussion
2.1. Background for CGI reporting in LTE
For LTE, ANR CGI reporting functionality, there are basically two ways, one is DRX based and another one is using automonous gap. The progress history in RAN2 and RAN4 on DRX and autonomous gap based CGI reporting is briefly introduced below:

Definition of T321:
The definition of T321 is in the 36.331 and also referenced as following. This is used to control ANR measurement reporting time.
	Timer
	Start
	Stop
	At expiry

	T321
	Upon receiving measConfig including a reportConfig with the purpose set to reportCGI
	Upon acquiring the information needed to set all fields of cellGlobalId for the requested cell, 
upon receiving measConfig that includes removal of the reportConfig with the purpose set to reportCGI
	Initiate the measurement reporting procedure, stop performing the related measurements and remove the corresponding measId


Concept of DRX based SON-ANR measurment:

An LS to RAN5 [2] provided detailed explaniation of DRX based SON-ANR measurement. The CGI information was included in the LS and the method utilized the opportunity for DRX to do measurement of neigboring cell and the factors related to UE ability of CGI reporting. It should be noted that an appropriate T321 value was also dominated by those factors . The key information is referenced as below:

RAN2 decided to provide guidance to RAN5 on the “report-CGI” measurement (SON-ANR measurement) since RAN2 recognized that their core specification may not provide enough information for RAN5 to be able to specify appropriate test cases for this function.

Firstly RAN2 would like to inform RAN5 of the baseline principle that the report-CGI measurement is considered to be a “best effort” action of the UE that is taken in the “idle period” during connected mode DRX operation, corresponding to the “opportunity for DRX” in the figure below.
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The intended UE behaviour is to perform the measurement during T321 (see TS36.331 5.5.2.7), where the acquisition of CGI for the indicated target cell should be prioritized and then the following additional parameters can be obtained by the UE. The UE transmits Measurement Report when all the parameters have been obtained. If the UE could not acquire all the parameters, the UE reports what have been successfully acquired, at the expiry of T321.

· E-UTRA:
PLMN list, TAC

· UTRA:
PLMN list, RAC, LAC

· GERAN:
RAC

…….
It should also be noted that the UE ability of CGI reporting is a function of the following factors.
· DRX cycle length (Longer is better)

· SIB repetition cycles of the target cell (Shorter is better)
· The number of MIBs and SIBs to be read and the scheduling of this data, possibly over several reading opportunities (more “concentrated” is better)

· The amount of data to be read
So test cases should define a DRX cycle length that is noticeably longer than the SIB repetition length in the cell from which UE needs to read CGI. Otherwise other higher priority operations may interfere with CGI reading and cause it to be unsuccessful.
The aformentioned information is included in the MIB and SIB1.

MIB/SIB periodicity
The information of CGI required from neighbouring cell is dependent on correctly decoding MIB and SIB1. The details of MIB and SIB were defined in 36.331 and the the scheduling is also included as following:
The MIB uses a fixed schedule with a periodicity of 40 ms and repetitions made within 40 ms. The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe #0 of all other radio frames. 
……
The SystemInformationBlockType1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms. The first transmission of SystemInformationBlockType1 is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0.
It can be seen that the MIB periodicity is 40ms and there are a total of 4 transmission, one per radio frame. Simialry, SIB1 has a periodicity of 80ms and one transmission every 2 frames.
DRX parameters

The DRX parameters could be referenced to DRX-Config in 36.331. A number of DRX parameters such as period, start offset, on-duration etc. could be defined.

It should be noted that not all combinations of DRX parameters could be used for DRX based SON-ANR measurement, e.g. a very short DRX cycle and very large on-duration would make the opportunity of DRX very short thus and makes it difficult for DRX based ANR-SON measurement. However, this should not be regarded as a problem since a normal network implementation would use a set of reasonable DRX parameters to facilitate SON-ANR, if DRX based approach is used.
T321 value, DRX based
DRX based method was defined in 36.331 from Rel-8 and the requirments for T321 was referenced as following (different from release 9 and later):

2>
if the triggerType is set to 'periodical' and the purpose is set to 'reportCGI' in the reportConfig associated with this measId:
3>
if the measObject associated with this measId concerns E-UTRA:
4>
start timer T321 with the timer value set to 1 second for this measId;
3>
else:
4>
start timer T321 with the timer value set to 8 seconds for this measId;
 It can been seen that 1 second is used for LTE cell while 8 seconds was used for UTRA and GEARN.
The derivation of these T321 value in Rel-8 was origninated in the discussion of [3] in which 
the original proposal was to have a list of configurable values which is as following: 
Proposal 3: We propose that RAN2 discusses and agrees to a value range for T321 using the following range proposals as a basis: 

· Intra LTE: T321 should be configurable to [100, 200, 400, 800, 1200, spare3, spare2, spare1] milliseconds. 
· Inter RAT: T321 should be configurable to [500, 1000, 1500, 2000, 4000, 8000, spare2, spare1] milliseconds.
However the final agreement which was documented in chairman’s notes is:

Proposal 3: Fixed value of 1s for intra-LTE, and 8s for inter-LTE
which is consistent with 36.331.

It can be seen that the final vaule used for T321 for DRX based method was chosen to be a simplified one single value for all RATs. The relating factors were already discussed in LS. The discussion was totally within RAN2 scope without consulting other working groups.
Some 1s accounts for more than 20 MIB periods or 10 SIB1 periods. There are plenty of opportunities to do CGI measurement for neigbouring cell under typical DRX scenarios. There should be plenty of margin for this.
T321 value, using automous GAP
In Release-9 and later release of 36.331, the number of T321 has more choices. If si-RequestForHO is included, ANR-SON using autonomous gap is supported, a much more strict requirments of 150/190ms were applied. These requirments were based on RAN4’s evaluation and corresponding requirments which was introduced in Rel-9 of 36.133. The following contents were referenced from 36.331.
2>
if the triggerType is set to periodical and the purpose is set to reportCGI in the reportConfig associated with this measId:
3>
if the measObject associated with this measId concerns E-UTRA:

4>
if the si-RequestForHO is included in the reportConfig associated with this measId:

5>
if the UE is a category 0 UE according to TS 36.306 [5]:

6>
start timer T321 with the timer value set to 190 ms for this measId;

5>
else:

6>
start timer T321 with the timer value set to 150 ms for this measId;

4>
else:

5>
start timer T321 with the timer value set to 1 second for this measId;
3>
else if the measObject associated with this measId concerns UTRA:
4>
if the si-RequestForHO is included in the reportConfig associated with this measId:

5>
for UTRA FDD, start timer T321 with the timer value set to 2 seconds for this measId;

5>
for UTRA TDD, start timer T321 with the timer value set to [1 second] for this measId;

4>
else:

5>
start timer T321 with the timer value set to 8 seconds for this measId;
3>
else:
4>
start timer T321 with the timer value set to 8 seconds for this measId; 
If UE supports autonmous gap to do ANR-SON measurement, the UE can autonomously read MIB/SIB1 of neigbouring cell.
RAN2 has sent LS [4] to RAN4 to do evaluation of H(e)NB Inbound Mobility. Also in this LS, the basic thinking of autonomous gap was also briefly introduced. In RAN4 reply LS [5], RAN4 promised to set up requirements. A series of simulation were conducted to have a reasonable requirements. The detailed analysis could be referenced to [6][7][8][9]. 
RAN2 has introduced these requirments in [10].
2.2. Status for NR
Basic concept:

Although not emphasized, for NR, the basic intention and scenario of ANR function still holds similar to LTE. RAN2’s intention is also try to use the basic concept and structure,

T321 value for NR:

Currently, the IE reportCGI have been introduced into 38.331 in [11]. T321 was also introduced in this CR as following. 

2>
if the reportType is set to reportCGI in the reportConfig associated with this measId;

3>
if the measObject associated with this measId concerns E-UTRA:

4>
start timer T321 with the timer value set to X seconds for this measId;

3>
if the measObject associated with this measId concerns NR:

4>
start timer T321 with the timer value set to Y seconds for this measId;

Similar to LTE, current 36.331 is also trying to use one single value for DRX based method.The current spec is still based on DRX based ANR, and autonomous gap is still not considered. In RAN2’s LS the applicability of autonomous gap is still under discussion.
However, similarly to autonomous gap in LTE, autonomous gaps can be used for retrieving CGI from an LTE neighbour cell as well as an NR intra- or inter-frequency neighbour cell. Therefore, support of autonomous gaps for LTE and NR intra-/inter-frequency neighbour cell CGI retrieval seems no problem.
MIB/SIB1 periodicity and procedure for NR:

The cgi-Info which the reportCGI targets is still included in SIB1 for NR according to 38.331. The details were not listed here. 
The MIB and SIB1 periodicity are quite different from LTE case, the following was referenced from 38.331 [11] 
System Information (SI) is divided into the MIB and a number of SIBs where:
-
the MIB is always transmitted on the BCH with a periodicity of 80 ms and repetitions made within 80 ms [17, Section 7.1] and it includes parameters that are needed to acquire SIB1 from the cell;

-
the SIB1 is transmitted on the DL-SCH with variable periodicity as specified in [TS 38.213, Section 13] and repetitions are made within 160ms. The default periodicity of SIB1 is 20ms but the actual periodicity is up to network implementation. For pattern 1, SIB1 transmission period is 20ms. For pattern 2/3, SIB1 transmission period is the same as the SSB period [13]. SIB1 includes information regarding the availability and scheduling (e.g. mapping of SIBs to SI message, periodicity, SI-window size) of other SIBs with an indication whether one or more SIBs are only provided on-demand and, in that case, the configuration needed by the UE to perform the SI request. SIB1 is cell-specific SIB;
SIB1 ::=

SEQUENCE {


-- FFS / TODO: Add other parameters. 


frequencyOffsetSSB



ENUMERATED {khz-5, khz5}












OPTIONAL,
-- Need R


ssb-PositionsInBurst



SEQUENCE {



inOneGroup






BIT STRING (SIZE (8)),



groupPresence





BIT STRING (SIZE (8))











OPTIONAL -- Cond above6GHzOnly


},


ssb-PeriodicityServingCell


ENUMERATED {ms5, ms10, ms20, ms40, ms80, ms160, spare1, spare2},

……

}
	SIB1 field descriptions

	ssb-PeriodicityServingCell
The SSB periodicity in msec for the rate matching purpose (see 38.211, section [7.4.3.1])


In Rel.15 NR, SS/PBCH block which consists of PSS, SSS and PBCH is introduced for initial access. Maximum  SS/PBCH block can be transmitted within a half frame window with a configured periodicity of {5,10,20,40,80,160}ms. For initial cell selection, a UE may assume that half frames with SS/PBCH blocks occurs with a default periodicity of 2 frames since there is no prior acknowledgement about the SSB periodicity at this stage. On the other hand, the periodicity of MIB is fixed to 80ms which means the higher-layer generated MIB won’t change during a 80ms period. 
In addition, after obtaining MIB, UE would have to find SS/PBCH block and RMSI control resource set (CORESET) to find PDCCH in order to locate SIB1. Similar to MIB, the periodicity of Type0-PDCCH common search space within which RMSI PDCCH occurs also depends on the NW configuration. To be more specific, if the TDM pattern between SSB and the RMSI CORESET, e.g. pattern1, is configured, the periodicity of Type0-PDCCH common search space is 20ms. For the FDM pattern between SS/PBCH block and RMSI CORESET, e.g. patterns 2 or 3, a UE monitors PDCCH in the Type0-PDCCH common search space with a periodicity equal to the periodicity of SS/PBCH block. Pattern 1 is supported in both FR1 and FR2, whereas pattern2 and pattern 3 can only be supported in FR2.
Therefore, the Type0-PDCCH common search space can be monitored with different periods, ranging from a period of 5 ms to 160 ms.The details of the UE procedure for monitoring Type0-PDCCH common search space were described in in 38.213 section 13.
Considering these new procedures and longer periodicity, the time could be much longer. Although there has been RAN1’s agreement to “Performance to be compared based on a single transmission with no combining” that one transmission of MIB/SIB1 is enough for correct reception, the time needed could be as long as 320ms or more. In addition, whether one transmission of MIB/SIB1 is reliable or not may also need further verification.
DRX parameters for NR

The DRX parameters could be referenced to DRX-Config in 38.331. The parameters are quite similar to LTE case though some details are different. 

As explained, reasonable DRX parameters should be assumed if Network choses to use DRX based method.
2.3. Regarding RAN2’s agreements
In RAN2 LS, the following agreements were listed and ask RAN4’s comments.

To RAN4:
RAN2 has made the following agreements:

· Agreement 1: If reportCGI for NR cell is configured by eNB, then UE behaviour follows inter-RAT ANR T321 value; if reportCGI for NR cell is configured by gNB, then UE behaviour follows intra-RAT ANR T321 value.

· Agreement 2: RAN2 agreed that for UE capability for ANR towards NR cell, DRX based reading of ANR towards NR cell related measurement should be supported

· Agreement 3:  RAN2 agreed to introduce a UE capability bit in NR for

· Intra-RAT ANR (including inter and Intra frequency) 

· Inter-RAT ANR towards LTE cell. 

· Inter-RAT ANR towards NR cell without EN-DC

· Inter-RAT ANR towards NR cell with EN-DC

· Agreement 4: For ANR support, RAN2 sees no need to differentiate between FR1 and FR2. 

Based on previous analysis, the basic thinking ANR does not make too much difference between NR and LTE. We do not see any obvious difference.
Proposal for the agreement: Confirm that RAN4 do not see an issue in RAN2’s agreement.

2.4. Questions analysis and answers
With above logic and transmission priority, the on-off time mask can be decided easily regarding different combinations.
Q 1: What is the value of T321 for Intra-NR ANR and Inter-RAT ANR with LTE in the following ANR measurement cases:

· UE served by LTE cell towards NR cell (with and without EN-DC configured)

· UE served by NR cell towards NR cell (with and without EN-DC configured)

· UE served by NR cell towards LTE cell (without EN-DC configured)

Firstly it should be clarfied that these are DRX based ANR measurment. 
As previous summarized, the T321 value needed are determined by the target RAT and not impacted by serving cell. If target RAT is LTE, then current LTE requirments could be reused. So, for the third bullet, the 1s for T321 can be reused.
In case target RAT is NR, as explained before, the MIB/SIB1 transmission period could be much longer than LTE. The new procedure introduced could also prolong the process of MIB/SIB1 reception. However, the LTE requirement 1s still have a large margin and it is not necessarily to extend the period propotiaonly with worst case MIB/SIB1 periodicity. In all, a slightly longer period can be considered, e.g. 2s. Keeping current 1s requirements can also be possible.
Possible answer to Q1: The proposed value of T321:

· UE served by LTE cell towards NR cell (with and without EN-DC configured): [2]s
· UE served by NR cell towards NR cell (with and without EN-DC configured): [2]s
· UE served by NR cell towards LTE cell (without EN-DC configured): 1s
Q 2: Is it feasible to use autonomous gap for Intra-NR ANR and Inter-RAT ANR towards NR cell? 
Currently we do not see why autonomous gap could not be applicable, since only very few subframes would be interrupted. However, the performance may need further analysis since major changes happened in the physical layer procedure and RRC compared to LTE. It is doubtful whether this would be possible in Release 15. 
Possible answer to Q2: It is feasible to use autonomous gap for Intra-NR ANR and Inter-RAT ANR towards NR cell.
Q 3. Is there a difference between FR1 and FR2 for ANR from RAN4 perspective? 

Currently RAN1/2 does not differentiate FR1/FR2. In case FR1/2 have different reception performance, different requirements could be considered. However, currently for DRX based ANR, since the margin is large, it is proposed to use one unified value for FR1/2 for simplicity.
Possible answer to Q3: It is proposed to set unified performance requirements for FR1/FR2.
3. Conclusion
In this paper, initial analysis for the RAN2 ANR LS was provided and the following proposals were provided.
Proposal for the agreement: Confirm that RAN4 do not see an issue in RAN2’s agreement.
Possible answer to Q1: The proposed value of T321:

· UE served by LTE cell towards NR cell (with and without EN-DC configured): [2]s
· UE served by NR cell towards NR cell (with and without EN-DC configured): [2]s
· UE served by NR cell towards LTE cell (without EN-DC configured): 1s
Possible answer to Q2: It is feasible to use autonomous gap for Intra-NR ANR and Inter-RAT ANR towards NR cell.
Possible answer to Q3: It is proposed to set unified performance requirements for FR1/FR2.
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