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1. Introduction
During RAN2#95, paging support on non-anchor carrier was discussed, and some open issues considered in a following email discussion [3]. 
In this contribution, we detail our views on the PCCH configuration and the paging carrier selection for load balancing support (CE level based paging carrier selection / unequal treatment of UEs are addressed in a companion contribution). 
2. Discussion
2.1. PCCH configuration
Rel-13 configuration includes default DRX paging cycle, nB (number of POs within the DRX paging cycle), as well as the maximum NPDCCH repetition number supported. In the following we detail whether per-carrier configuration of these parameters is needed. 
defaultPagingCycle: common.

This is a cell level parameter, and we do not see any reason to have different values per carrier.

npdcch-NumRepetitionPaging: per-carrier

This parameters indicate the maximum number of NPDCCH repetitions for paging CSS. As different carriers can have different transmit power, the maximum number of NPDCCH repetitions may not be the same.
nB: per-carrier

nB can be seen as PO density, being inversely proportional to the PO period. The incoming paging load is distributed over the available POs; the more the POs, the less each PO will be occupied.
It is beneficial for the UE power consumption that the PO occupation rate is low, as this reduces the false paging rate. I.e., as much as possible, in order to increase UE battery life, the PO density shall be set to a high value. The Annex details the impact of nB on the false paging rate.  
However, high PO density (low PO period) has drawbacks as this increase the overall DL carrier occupancy, and this also increases the blocking probability due to PHY repetitions overlapping between different POs. In Rel-13, for CatM and NB-IoT, nB values where extended to values as low as 1 PO per DRX cycle to account for PHY repetitions.
As typically the proportion of UEs in extreme coverage conditions is a few percent, it is expected that the best setting is to configure nB to achieve a relative high PO density (and low UE power consumption), while the blocking probability remains limited due to rare cases of paging with a high number of repetitions.

The blocking probability is related to the NPDCCH reception duration: this is both due to the number of PHY repetitions, as well as number of valid subframes. Both can vary between carriers. Hence, it is required that nB can be set per carrier. A common nB would mean higher nB then required on some carriers, hence increase false alarm rate yielding increased power consumption on such carriers.
Proposal 1: Maximum NPDCCH repetition number and nB can be configured separately for non-anchor carrier

For minimal signaling overhead, it should be possible to signal the same PCCH configuration as the anchor, including delta signaling in case some parameters need to be adjusted.

Proposal 2: Similar configuration as anchor carrier can be signaled with optimized signaling  
2.2. PCCH configuration change
It is expected that PCCH configuration changes would be rare. However, adding/removing non-anchor paging carriers will be a new use case, and we assume it should be supported without excessive paging service disruption.

Rel-13 procedure

In Rel-13, the assumption for performing SI update impacting UE reachability (PCCH configuration) is to use the SI update notification procedure. Our understanding is that, in order to warn all UEs in the cell, the eNB needs to:
· send SI update notification during the maximum eDRX cycle (2.91h), on all POs, in order to reach all UEs (NPDSCH if case there is a paging, or NPDCCH direct information DCI when there is no paging in the PO)
· use for each PO the number of repetitions corresponding to the maximum EC level in the cell
For NPDCCH paging CSS, the maximum number of repetitions ranges between 1 and 2048. Typically, to reach extreme coverage UEs, at least 128 repetitions could be expected (assuming 6dB power on the anchor carrier). On a non-boosted carrier, up to 512 could be expected. In order to accommodate such number of repetitions on all POs, taking into account invalid SFs, it is likely that a low nB will be required, e.g., 1 PO every 1.28s. 

However, this means the PO spacing will have to be configured to accommodate this rare procedure. This comes with a direct impact on UE power consumption, as the false paging probability will be likely very high. In the Annex, we detail the calculation of false paging probability. With the nominal MT traffic use case from [2], and 1 PO every 1.28s, it is around 92%.
It is important to note that this will impact all UEs, even UEs not involved in MT traffic.

Observation 1: the SI update notification procedure may require a very low nB which will increase the false paging rate and UE power consumption

SI change notification through SI
Conversely, NB-IoT UEs need to check the SI validity at least once every 24h. This could be leveraged to have a similar notification mechanism at SI level, with a SI update aligned with future boundary. A possible mechanism could be as follows (see also Figure 1)

· When a SI change requiring synchronization is expected, a SI Change Notification IE is broadcasted (ValueTag is incremented). Within 24h, all NB-IoT UEs in the cell are aware of the upcoming update

· Along with SI Change Notification IE, additional HFN bits need to be broadcasted in order to align UEs to a time boundary exceeding 24h. As current HFN rollover is 2.91h, 4 additional bits are needed to cover 24h. 
These bits are similar to existing HFN bits, however they need only to be sent along with SI Change Notification IE. Moreover, no ValueTag increment is needed when these HFN bits are updated.
Equivalently, a 1024-hyperframe countdown indication is broadcasted.

· The NB-IoT UEs acquire the updated SI at the indicated update boundary.
This procedure requires only one additional SI change, but given it would be a rare procedure this should be acceptable. The benefit is that the SI change notification through paging is no longer needed.
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Figure 1
Proposal 3: RAN2 should discuss whether the Rel-13 SI update notification procedure should be improved  
2.3. PCCH carrier selection for load balancing
Not all UEs may support paging on non-anchor carrier. This would be for instance the case of all Rel-13 UEs. They may not be software upgradable to Rel-14. These UEs would generate a constant paging load on the anchor carrier. 

Hence, it may be desirable to be able to limit the proportion of Rel-14 UEs on the anchor carrier. This can be achieved with the following options.
1. On/Off  indication

With eMTC like paging carrier selection, Rel-14 UEs can be distributed evenly over a set of paging carrier. The SI can indicate whether the set of paging carriers include the anchor carrier or not. This has limited flexibility, but as it is a very simple scheme, we believe it should be supported.

Proposal 4: Introduce an indication whether the Rel-14 UEs shall consider all carriers or only non-anchor carriers for paging carrier selection

2.  Configurable proportion of Rel-14 UEs on the anchor carrier
There are several schemes to implement this. A possible option is to derive from the UE_ID, by using a hash function, a UE_ID2, with the number of bits required to accommodate the proportion granularity required (e.g., on 4 bits to allow a granularity of 100/16=6.25%). It is possible to reuse the eDRX hash function, e.g., UE_ID2 would be 4MSBs of CRC32(UE_ID).
We assume 6.25% proportion granularity would be enough, i.e. UE_ID2 on 4 bits. The eNB can broadcast any proportion p for Rel-14 UEs to be assigned to the anchor carrier (only values below 50% make sense). Then, if UE_ID2 < 16*p, UE selects the anchor carrier, otherwise, it selects a carrier among non-anchor paging carriers with eMTC like formula (with a set of paging carriers not including the anchor carrier).

With 50000 UEs in a cell using random IMSI, UE_ID2 distribution is shown in Figure 2. It can be seen that the UEs are evenly distributed over the 16 bins. Using CRC32 limit the correlations between bins and PF/PO/Carrier derived from the UE_ID.
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Figure 2 - UE_ID2 distribution

3.  Configurable proportion of Rel-14 UEs on all carriers

The scheme above can be used as well to configure a proportion of Rel-14 UEs on all carriers. In that case, only UE_ID2 is used to configure the desired proportion of UEs each carrier. However, such flexibility may not be required.
Proposal 5: If required, consider introducing support for a fraction of Rel-14 UEs to select the anchor carrier
3. Conclusion 
In this contribution, we have discussed our views regarding the support of paging on a non-anchor carrier, and made the following observation and proposals:
Proposal 1: Maximum NPDCCH repetition number and nB can be configured separately for non-anchor carrier
Proposal 2: Similar configuration as anchor carrier can be signaled with optimized signaling
Observation 1: the SI update notification procedure may require a very low nB which will increase the false paging rate and UE power consumption
Proposal 3: RAN2 should discuss whether the Rel-13 SI update notification procedure should be improved
Proposal 4: Introduce an indication whether the Rel-14 UEs shall consider all carriers or only non-anchor carriers for paging carrier selection
Proposal 5: If required, consider introducing support for a fraction of Rel-14 UEs to select the anchor carrier
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Annex
Traffic model

From [2] “Network Command” traffic assumptions, the expected MT packet arrival rate is about 0.47 MT / hour / UE. A cell is assumed to support 10000 of such UEs, yielding a MT packet arrival rate of 1.3 MT/s/cell. Assuming most UEs are stationary, paging optimizations could be effective i.e. most of the time, cell level paging is enough. Hence around 2 pages/s/cell could be expected.
False paging probability

The parameter nB can be used to adjust the PO density, between 4 POs per RF down to 1 PO per 10.24s (maximum DRX cycle).

With 2 pages/s/cell, assuming Poisson arrival, we can calculate the PO occupation probability depending of nB. The table below shows the PO occupation distribution, where Pg is the number of paging received per PO.

	nB
	PO period (ms)
	Prob(Pg >=1) 
~False Paging
	Prob(Pg >=2)
	Prob(Pg >=4)
	Prob(Pg >=8)

	T
	10
	0.02
	0
	0
	0

	T/2
	20
	0.04
	0
	0
	0

	T/4
	40
	0.08
	0
	0
	0

	T/8
	80
	0.15
	0.01
	0
	0

	T/16
	160
	0.27
	0.04
	0
	0

	T/32
	320
	0.47
	0.13
	0
	0

	T/64
	640
	0.72
	0.36
	0.04
	0

	T/128
	1280
	0.92
	0.72
	0.25
	0

	T/256
	2560
	0.99
	0.96
	0.75
	0.15

	T/512
	5120
	1
	1
	0.99
	0.80

	T/1024
	10240
	1
	1
	1
	1


Figure 4
For instance, with one PO every 128 RFs (1.28s), the PO occupation (at least one paging received) is about 92%. Even with one PO every 16 RFs (160ms), the PO occupation is still about 27%. 

For a given UE, the false paging probability can be calculated as the PO occupation (at least one paging received) minus the probability that the UE actually received a good paging. This later probability, for one UE, corresponds to the paging rate normalized to DRX cycle. If DRX cycle is 1min, and paging rate 1/hour, than it is 1/60. Typically, it can be assumed to be low for NB-IoT Network Command use cases and nearly null or MAR use cases. Hence the PO occupation (at least one paging received) is well representative of the false paging probability.

High false paging probability badly impacts UE power consumption due to the useless NPDSCH Paging Message decoding, especially for devices in extreme coverage. Moreover, more paging records mean higher TBS, longer PDSCH duration and increase power consumption. From UE power consumption point of view, as far as possible, POs should be spread apart. 
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