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1	Introduction
In RAN2#105bis, the discussion on paging configuration when nB values happen to be fractional continued. Please see the meeting minutes below for the related discussion:

R2-1904765	Solutions for Paging configurations and fractional nB value	Sequans Communications	discussion	Rel-13	LTE_MTCe2_L1-Core

R2-1904766	Correction on paging with fractional nB_Option1	Sequans Communications	CR	Rel-13	36.304	13.8.0	0759	2	F	LTE_MTCe2_L1-Core	R2-1901525
R2-1904767	Correction on paging with fractional nB_Option2	Sequans Communications	CR	Rel-13	36.304	13.8.0	0760	2	F	LTE_MTCe2_L1-Core	R2-1901538
R2-1905116	Discussion on paging with fractional nB value and text proposals	Huawei, HiSilicon	discussion	Rel-13	LTE_MTCe2_L1-Core
R2-1904858	Paging configurations and fractional nB value	Ericsson	discussion	Rel-13	LTE_MTCe2_L1-Core	Late
The discussion for Tdocs above
· Sequans wonders why UE reachability based on the requested DRX cycle value would be misleading from CN standpoint. Ericsson explains that the preferred DRX cycle would be different than the one actually used.
· Sequans thinks this may also be the case when UE does not indicate any preference, i.e. default DRX cycle is selected.
· QC wonders why there would be a need to send an LS to SA2 for Option 0, e.g., some parameters may need to be passed from AS to NAS in that case.
· Ericsson wonders what the intention is with Option 2. Sequans explains that it in principle similar to what has been described in R2-1904858, but UE would need to know what the network assumes.
· QC prefers Option 1 as it seems to be more deterministic. ZTE agrees. Ericsson thinks this is not necessarily deterministic.
· Nokia prefers Option 2.
· QC thinks if it happens that network has to transmit over the consecutive search space it would continue since the UE would expect to receive.
· Sequans thinks network and the UE should have the same understanding.
· Intel and ZTE prefer Option 1.

[CB Offline 401] To agree on the way forward (Sequans)
Sequans reports that there has been no consensus during offline. 
Postponed.
In this contribution, we discuss the impact of fractional nB values on the distribution of UEs over paging occasions and the minimum number of subframes between paging occasions.
[bookmark: _Ref178064866]2	Discussion
When DRX is used UE needs to monitor only one PO per DRX cycle and one Paging Narrowband (PNB) is one narrowband, on which the UE performs the paging message reception as captured in [2]. One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on MPDCCH, whereas one Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s).
PF, PO, and PNB are determined by the following formulae using DRX parameters provided in System Information broadcast [2]:
- PF is given by the following equation:
SFN mod T= (T div N)*(UE_ID mod N)
- Index i_s pointing to PO from subframe pattern defined in subclause 7.2 is derived from the following calculation:
i_s = floor(UE_ID/N) mod Ns
- If P-RNTI is monitored on MPDCCH, the PNB is determined by the following equation:
PNB = floor(UE_ID/(N*Ns)) mod Nn

In [1] it was claimed that when default T and T/nB are configured such that nB < 1, UE behaviour regarding monitoring for paging messages may be ambigious. RAN2 acknowledged that eNB should avoid providing a configuration that may lead to fractional nB values, however this would limit the set of possible DRX cycle values that can be configured especially if CE mode B is supported in the cell. UE can request a UE specific DRX cycle from the MME which may lead to the problematic situation as the value can not be configured by the eNB. As stated in subclause 5.13 in TS 23.401 [3] on UE specific DRX cycles: UE can indicate a DRX cycle value to the MME during e.g., attach procedure. The UE may prefer to use the default DRX cycle value broadcasted in system information, i.e., no indication, or it may propose a DRX cycle value which is required to be accepted by the MME.

[bookmark: _Toc8171430]UE may request a UE specific DRX cycle from the MME and MME is required to accept the value proposed by the UE.

Therefore the assumption was that a solution to avoid fractional nB values is needed. In NB-IoT, it is not possible for a UE to request a UE specific DRX cycle, i.e. default DRX cycle broadcasted by the network is applied, so the problem can easily be adressed if the eNB avoids any configuration that would lead to nB < 1. 
The UE can request a longer DRX cycle value than the default provided in sysytem information broadcast, but the default DRX cycle value then becomes the actual DRX cycle value  from UE/RAN standpoint. Note that this does not impact the requested reachability from CN standpoint. In TS 36.331, the following DRX cycle values, i.e., T, are specified for UEs camping in the serving cell: 32, 64, 128, 256. The set of values for nB are: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256. In order to make sure that nB >= 1, the following DRX cycle values should be allowed:

· {32, 64, 128, 256} when nB is configured with a value from the following set {4T, 2T, T, T/2, T/4, T/8, T/16, T/32}
· {64, 128, 256} when nB is configured with the value {T/64}
· {128, 256} when nB is configured with the value {T/128}
· {256} when nB is configured with the value {T/256}

[bookmark: _Toc8171431][bookmark: _Hlk5400470]The UE may request a DRX cycle value smaller than the default DRX cycle provided that nB >= 1, e.g. nB = T/64, T_cell = 128, and T can be 64 or 128.

A solution was considered to change the UE behaviour so that an LTE-M UE would only be able to request a DRX cycle value provided that nB >= 1. This would not impact the formulae given in TS 36.304 which determines PF, PO, and PNB. There is no need for the UE to indicate support or change in eNB implementation either. A UE may need to update UE specific DRX cycle depending on the configuration provided in the cell, e.g., after cell reselection, but this is very less likely to happen considering that paging related parameters broadcasted in cells that belong to same tracking area are typically configured with the same values. We assume this solution is described as Option 0 in [4].

[bookmark: _Toc8171432]Option 0 does not have any RAN impact. 

Option 1 in [4] is similar to Option 0 described above, but formulae provided in [2] needs to be updated to avoid any changes in the NAS layer. This would mean both UE and eNB implementations need to be updated and UE capability information is required to indicate support. In this solution UE requests a DRX cycle from the MME. If the requested DRX cycle would lead to nB < 1, it is adjusted by taking the maximum value of (min(T, nB), 1), e.g. nB = T/64, T_cell = 128, and T requested from the MME is 32. The UE would then assume its T to be T/nB, e.g. 64. Since this would be transparent to the CN, it would assume that the UE is reachable based on the requested DRX cycle value, e.g., 32, however it would in fact be reachable based on the adjusted DRX cycle value, e.g. 64.

[bookmark: _Toc8171433]Option 1 has RAN (both UE and eNB) impact, e.g., formulae in [2] to determine PF and PO, and capability information.
[bookmark: _Toc8171434]The average expected time to reach a UE based on the requested DRX cycle value may be misleading from CN standpoint.

Option 3 in [4], is similar to Option 1 above, but if the requested DRX cycle would lead to nB < 1, it is set to the default value, e.g. 128 in the example above, instead. Observation 5	The average expected time to reach a UE based on the requested DRX cycle value may also be misleading from CN standpoint., however it would be worse compared to Option 1.

[bookmark: _Toc8171435]Option 3 has RAN (both UE and eNB) impact, e.g., formulae in [2] to determine PF and PO, and capability information.
[bookmark: _Toc8171436]The average expected time to reach a UE based on the requested DRX cycle value may be misleading from CN standpoint, however it is worse compared to Option 1.

[bookmark: _Hlk7912036]If Option 0, 1 or 3 is introduced e.g. in Rel-16 with possible implementation for early releases, there will be no impact on a legacy UE that does not implement the introduced solution. But the assumption was that it would either be possible that CSS for monitoring MPDCCH that schedules the paging message during a paging occasion may overlap with CSS for monitoring MPDCCH during the consecutive paging occasion or the network avoids such overlap by avoiding a configuration that may lead to such overlap due to fractional nB values. However the latter would limit the set of possible DRX cycle values that can be configured especially if CE mode B is supported in the cell considering that some applications, e.g. voice, e-Health, may require short DRX cycles. If the former is assumed and one of the solutions discussed above is to be introduced, e.g., Options 0,1, or 3, is not mandated from Rel-13 on, it is assumed that CSS for monitoring MPDCCH that schedules the paging message during a paging occasion may overlap with CSS for monitoring MPDCCH during the consecutive paging occasion for such UEs.
In order to check whether the assumption that CSSs mentioned above may overlap for UEs with DRX cycles that lead to nB < 1 is correct, one needs to observe the impact of fractional nB values on the distribution of paging occasions, the distribution of UEs over those paging occasions and the minimum number of subframes between the paging occasions. In Figure 1; the distribution of paging occasions over time and the distribution of UEs over the paging occasions is shown when nB value is T/32 and the default DRX cycle is 256. UEs are allowed to select the DRX cycle value from the following list [32, 64, 128, 256]. One can observe in Figure 1 that UEs are distributed evenly over POs, i.e. 9, 329, 649, 969 etc. The minimum number of subframes between paging occasions is 320 ms as expected due to nB configured with T/32. 
[image: ]
Figure 1. Distribution of UEs over paging occasions (nB = T/32)

Similar figures (with uniform distribution) can be generated for any of the nB values from the following set {4T, 2T, T, T/2, T/4, T/8, T/16, T/32} in combination with DRX cycle values {32, 64, 128, 256}.
Now, let’s have a look at the case where nB is configured with the value T/64, T/128, or T/256 in combination with DRX cycle values {32, 64, 128, 256}. In Figures 2, 3, and 4; the distribution of paging occasions over time and the distribution of UEs over paging occasions are shown when default DRX cycle is 256 and nB value is T/64, T/128, and T/256, respectively. UEs are allowed to select the DRX cycle value from the following list [32, 64, 128, 256]. One can observe in the figures that UEs are not distributed evenly over POs, i.e. 9, 329, 649, 969 etc. anymore and the minimum number of subframes between paging occasions is 320 ms even though nB is configured with T/64, T/128, and T/256, respectively.

[image: ]
Figure 2. Distribution of UEs over paging occasions  (nB = T/64)



[image: ]
Figure 3. Distribution of UEs over paging occasions  (nB = T/128)


[image: ]
Figure 4. Distribution of UEs over paging occasions  (nB = T/256)

This means that when nB value turns out to be fractional, the minimum number of subframes between paging occasions depends on the minimum DRX cycle value allowed by the network, e.g., in this particular example it is 320 ms. The fractional nB values have impact on the distribution of UEs over paging occasions, which are not even anymore.

[bookmark: _Toc8171437]Minimum number of subframes between paging occasions depends on the minimum DRX cycle value allowed by the network when nB value is fractional.
[bookmark: _Toc8171438]Fractional nB values have impact on the distribution of UEs over paging occasions.

The maximum number of repetitions required to acquire MPDCCH is 256, as given below in RadioResourceConfigCommon IE in [5], 


PCCH-Config-v1310 ::=				SEQUENCE {
	paging-narrowBands-r13				INTEGER (1..maxAvailNarrowBands-r13),
	mpdcch-NumRepetition-Paging-r13		ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, r256},
	nB-v1310							ENUMERATED {one64thT, one128thT, one256thT}
																			OPTIONAL	-- Need OR
}


	mpdcch-NumRepetition-Paging
Maximum number of repetitions for MPDCCH common search space (CSS) for paging, see TS 36.211 [21].



and the following range of values is used for the number of PDSCH repetitions required considering that DCI format 6-2 is used with DCI field set to ”11”; {192, 256, 384, 512, 768, 1024, 1536, 2048}. Assuming that one paging record is transmitted in the paging message, i.e. ~50 bits including CRC, in such scenario where worst coverage is assumed, it is very likely to configure the number of MPDSCH repetitions with one of the first few values, e.g., 192, 256 or 384. This would mean that the number of subframes between paging occasions, which  depends on the minimum DRX cycle value allowed by the network, may not be large enough to accommodate the number of MPDCCH + MPDSCH repetitions required for worst coverage. 

However CSS for monitoring MPDCCH during a paging occasion does not overlap with CSS for monitoring MPDCCH during the consecutive paging occasion when nB value is fractional since maximum possible number of repetitions required for decoding MPDCCH, i.e., 256, is smaller than the minimum possible number of subframes between paging occasions, i.e. 320.

[bookmark: _Toc8171439]CSS for monitoring MPDCCH during a paging occasion does not overlap with CSS for monitoring MPDCCH during the consecutive paging occasion when nB value is fractional. 

For the worst coverage case, if it happens that a paging message is to be transmitted in the next paging occasion in the same narrowband and the minimum number of subframes between these paging occasions is smaller than the number of MPDCCH + MPDSCH repetitions required assuming that MPDSCH is scheduled in the same narrowband, it is up to the network to decide whether transmission for repetitions are e.g., interrupted, assuming that it would be enough for the UE to decode the message, or delay the transmission of the consecutive paging message to the next paging occassion.
In conclusion, nB value can be less than 1; as observed in the figures above. This does not have an impact on the minimum number of subframes between paging occasions (and thus the maximum number of repetitions that can be transmitted with no overlap for CSS for monitoring MPDCCH), which depends on the minimum DRX cycle value allowed by the network. 

[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc8171440][bookmark: _Hlk7913148]nB values can be fractional since this does not have an impact on the minimum number of subframes between paging occasions, which depends on the minimum DRX cycle value allowed by the network.

3	Conclusion
In this contribution, we discuss the impact of fractional nB values on the distribution of paging occasions over time and the distribution of UEs over paging occasions along with the minimum number of subframes between paging occasions. The following observations were made:
 
Observation 1	UE may request a UE specific DRX cycle from the MME and MME is required to accept the value proposed by the UE.
Observation 2	The UE may request a DRX cycle value smaller than the default DRX cycle provided that nB >= 1, e.g. nB = T/64, T_cell = 128, and T can be 64 or 128.
Observation 3	Option 0 does not have any RAN impact.
Observation 4	Option 1 has RAN (both UE and eNB) impact, e.g., formulae in [2] to determine PF and PO, and capability information.
Observation 5	The average expected time to reach a UE based on the requested DRX cycle value may be misleading from CN standpoint.
Observation 6	Option 3 has RAN (both UE and eNB) impact, e.g., formulae in [2] to determine PF and PO, and capability information.
Observation 7	The average expected time to reach a UE based on the requested DRX cycle value may be misleading from CN standpoint, however it is worse compared to Option 1.
Observation 8	Minimum number of subframes between paging occasions depends on the minimum DRX cycle value allowed by the network when nB value is fractional.
Observation 9	Fractional nB values have impact on the distribution of UEs over paging occasions.
Observation 10	CSS for monitoring MPDCCH during a paging occasion does not overlap with CSS for monitoring MPDCCH during the consecutive paging occasion when nB value is fractional.

Based on the discussion in the section above, we propose the following:
Proposal 1	nB values can be fractional since this does not have an impact on the minimum number of subframes between paging occasions, which depends on the minimum DRX cycle value allowed by the network.
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