
3GPP TSG-RAN WG2 #95
R2-165553
Gothenburg, Sweden, August 22nd – 26th, 2016
Agenda item:
8.11.2
Source: 
Sequans Communications
Title: 
Paging on a non-anchor carrier
Document for:
Discussion and Decision
1. Introduction
In RAN#72, the work item [1] was agreed. It aims to improve Rel-13 NB-IoT with several enhancements/features. As part of the enhancements, the WID includes the following objective: 
Non- Anchor PRB enhancements
· Support transmission of NPRACH on a non-anchor NB-IoT PRB [RAN2,RAN4] 

· Support transmission of paging on a non-anchor NB-IoT PRB [RAN2, RAN1,RAN3]

This contribution gives our views regarding the support of paging on a non-anchor carrier.

2. Motivation
In Rel-13, an NB-IoT UE can be configured with a non-anchor carrier by dedicated RRC signaling for unicast data offload. The paging is always realized on the anchor carrier.
Our understanding of enabling support of paging on a non-anchor carrier is to enable an increase of the overall paging capacity. To a lesser extent, a different motivation could be to free some space on the anchor carrier. Enabling paging on non-anchor carrier is similar as supporting different paging narrow bands for eMTC (maximum supported paging narrow bands is 16).

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.
Depending of the proportion of UEs in robust or extreme coverage, this can become challenging.
Moreover, it is desirable for such MT CIoT deployment to limit false paging occurrences. With 2 pages/s, and one PO every 128 RFs (1.28s), the false paging probability is about 92%. Even with one PO every 16 RFs (160ms), the false paging probability is still about 27% (assuming Poisson arrival). This would badly impact UE power consumption, especially for devices in extreme coverage.
To efficiently support such use cases, it is clearly beneficial to support paging on non-anchor carrier.

3. Discussion
3.1. Message offload flexibility
The paging consists of NPDCCH DCI, sent on PO, possibly scheduling NPDSCH containing the paging records. As a baseline, it seems enough to assume that both can be offloaded, and that NPDSCH is scheduled on the carrier on which NPDCCH DCI was sent.
If this is considered too restrictive, since cross-carrier scheduling (through DCI carrier indicator) would likely incurs too much impact, the NPDSCH carrier could be configured statically (e.g. through SIB).

Proposal 1: The paging procedure (NPDCCH DCI and scheduled NPDSCH) is performed on the same carrier
3.2. 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. It can be discussed whether per-carrier configuration of these parameters is needed. 
The maximum NPDCCH repetition number is related to the maximum supported EC level. It can be expected that the additional carriers should support the same maximum EC level. However, it may be desirable to allow power boost in the cell, and currently only one carrier (in in-band and guard-band deployments) may enjoy the maximum power boost (+6dB).  With different power boost cell carriers, it could be needed to configure a different maximum NPDCCH repetition number. 
Different power boost means different number of repetitions for NPDCCH. Carriers may also have different number of valid subframes, which may results in different duration for NPDCCH reception. Generally higher paging NPDCCH duration would require lower PO density (lower nB), to limit paging blocking. Hence nB signaling would be required. More generally, nB is also needed to adapt the paging resources to the paging load on a given carrier.
It does not seem needed to support different default DRX cycle.
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: Maximum NPDCCH repetition number and nB can be configured separately for non-anchor carrier

Proposal 3: Similar configuration as anchor carrier can be signaled with optimized signaling  
Legacy PCCH is configured by broadcast signaling (SIB2). Non-anchor carrier is configured by dedicated signaling – but non-anchor is used only while in CONNECTED.

The UE needs to be configured while in IDLE to be able to monitor paging on a non-anchor carrier. Using RRC dedicated configuration, the eNB may configure a UE with a paging non-anchor carrier to be used when it is back to IDLE. However, such configuration would be cell dependent and dropped while reselecting a different cell. When back in the initial cell, the UE would no longer use the configured paging carrier. 
It seems more robust and simpler to rely on broadcast configuration. 
Proposal 4: PCCH configuration for non-anchor carrier(s) is performed by broadcast signaling  
It is expected that PCCH configuration changes would be rare. However, adding/removing non-anchor paging carriers will be a new use case, and it should be supported without excessive paging service disruption.

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 to 2048. Typically, to reach extreme coverage UEs, at least 128 repetitions could be expected (assuming 6dB power on the anchor carrier, without power boost, 512). If we take the scenario (from [2]) described in section 2, with one PO every 160ms, taking into account invalid subframes, this would not fit. Hence, we wonder if this procedure is realistic.
Conversely, NB-IoT UEs need to check the SI validity at least once every 24h. It would be easy to have a similar notification mechanism at SI level, with a SI update aligned with a 24h boundary.
Proposal 5: RAN2 should discuss whether the Rel-13 SI update notification procedure should be improved  
3.3. PCCH carrier selection
In our view, additional paging carriers in the cell should be considered as an additional dimension in the POs space (in addition to Paging Frame and Paging Subframes). As such, as far as possible the eNB and the UE should have a common understanding in the selected paging carrier, in order to avoid the need for the eNB to broadcast a paging message on all paging carriers in the cell, which would defeat the benefit of the feature.
In eMTC, UEs are distributed over PF/PSF/PNB (Paging Narrowbands) based on UE_ID (14 LSBs of IMSI). In NB-IoT, UEs are distributed over PF/PSF based on UE_ID (12 LSBs of IMSI). It seems straightforward to use UE_ID bits to distribute UEs over paging carriers, by using M additional UE_ID bits in order to address up to 2^M paging carriers, similarly as how PNBs are handled in eMTC. 
However, we see two main differences with eMTC use case:

1. 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. Moreover, the eNB needs to be aware of the UE capability to send the paging on the correct paging carrier.
2. NB-IoT paging carriers within the same cell may not be equivalent. Different carrier types provides different amount of resources: an anchor has around 30% less resource than a non-anchor, an in-band carrier has also around 30% less resource than a guard-band carrier, and maybe a lot less if MBSFN is deployed.  Different power boost may also be used.

3.3.1.  Handling of UEs not supporting paging on non-anchor carrier
Similarly as for random access carrier selection, such UEs may account for a constant additional paging load on the anchor carrier. It is desirable to have some way to control the paging load balancing.

Taking one example, if 2 paging carriers are supported in a cell (the anchor carrier and one non-anchor carrier), we can consider 2 main scenarios:
· All UEs in the cell support non anchor paging. They would be distributed evenly over both carriers by using one IMSI bit.

· Half of the UEs support non anchor paging. In that case, the final distribution would be 75% of UEs on the anchor carrier, and 25% of UEs on the non-anchor carrier. 
Of course, the PCCH configuration of the carriers might be adjusted to match the different paging load (by using nB). However, it seems beneficial to be able to adjust paging load on different carriers. For instance, in the second scenario, assigning all UEs supporting non-anchor paging on the non-anchor carrier only would have given an even distribution.

Generally, the introduction of paging on non-anchor carriers should be to share the paging load among all paging carriers. If an anchor carrier is already close to maximum capacity with “legacy UEs”, the only way to handle additional UEs might be to have them using principally non-anchor carriers.
In addition, it can be noted that the non-anchor carrier concept is meant to replace additional NB-IoT carriers deployed as overlapping cells in order to increase overall capacity in a given area. Such NB-IoT carriers (assuming same power) would have received an equivalent paging load.

We see several possible options:

· Non-anchor paging capable UEs might be configured to use either non-anchor paging carriers, or all paging carriers 

· More UE_ID bits might be used to assign different proportions of UEs to each carrier (e.g. with 2 bits, one can assign UEs to 2 paging carriers with a 25% granularity)
Proposal 6: RAN2 should consider how to perform load balancing over paging carriers    
As stated above, it would also be necessary for the eNB to know whether a UE is capable of monitoring paging on the non-anchor carrier. An option is to have the capability conveyed to the MME and send back to the eNB.
Proposal 7: The non-anchor paging carrier capability is conveyed to the MME and send back to the eNB

3.3.2. Handling of non-equivalent paging carriers

As discussed above, paging carriers may not be equivalent:

· An anchor carrier has ~30% less available resources (valid subframes) than a non-anchor carrier

· An in-band carrier has ~30% less available resources (PDCCH/CRS REs) than a guard-band carrier, more if some subframes are reserved for MBSFN

· One carrier may have +6dB power boost

Such differences between carriers would translate into more repetitions and/or more time required to receive NPDCCH (and also corresponding NPDSCH) on “bad carriers” (less boosted or with less resources).

It would be beneficial to also be able to deploy non-anchor paging carriers in such scenarios. Moreover, the alternative of using a legacy additional NB-IoT carrier (overlapping cell), in addition to the common signaling waste, might not be easy as UEs will be biased to reselect the strongest carrier.
The traditional approach of selecting paging carriers based on the IMSI could lead to unequal treatment of UEs, which is likely not acceptable. Some UEs would enjoy better signal/more valid subframes, hence less power consumption just based on their IMSI. In Rel-13, such unequal treatment was noticed (and fixed) regarding the number of POs within an eDRX paging window. 
Ideally, in case paging carriers have different performance, the selection should be related to the coverage level (i.e., UEs in good coverage conditions could be offloaded to worse carriers, while UEs in extreme coverage conditions should be kept on best carrier). This would optimize the network resources, as well as the UEs power consumption. 
One possibility is to introduce dedicated paging carrier selection. For instance, some UEs might be configured to be kept on the anchor carrier. Such information can be stored at NAS level in the UE and MME, similarly to the existing paging assistance information. 
This could come in complement of traditional distribution of UEs using UE_ID, and could also be used to perform load balancing over the paging carriers. 

Proposal 8: RAN2 should consider how to handle non-equivalent paging carriers     
4. Conclusion 
In this contribution, we have discussed our views regarding the support of paging on a non-anchor carrier, and made the following proposals:
Proposal 1: The paging procedure (NPDCCH DCI and scheduled NPDSCH) is performed on the same carrier
Proposal 2: Maximum NPDCCH repetition number and nB can be configured separately for non-anchor carrier
Proposal 3: Similar configuration as anchor carrier can be signaled with optimized signaling
Proposal 4: PCCH configuration for non-anchor carrier(s) is performed by broadcast signaling
Proposal 5: RAN2 should discuss whether the Rel-13 SI update notification procedure should be improved
Proposal 6: RAN2 should consider how to perform load balancing over paging carriers
Proposal 7: The non-anchor paging carrier capability is conveyed to the MME and send back to the eNB
Proposal 8: RAN2 should consider how to handle non-equivalent paging carriers
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