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Discussion and decision
1.  Introduction
At RAN2 #69bis, an indicative voting on the need to support a paging solution for SI change on an SCC resulted in 20 supporting votes against 9. To move forward an email discussion [69b#6] was set up to clarify some detailed aspects. However, no clear majority views were observed. This paper discusses the issue further, with an attempt to clarify both the paging and dedicated signalling solution.
2. Discussion
2.1
Recap of requirements
To help progress this issue, understanding of the requirements is necessary:
· Frequency of SI change – The most frequently changing parameter on SI relevant for RRC_CONNECTED seems to be P0,NOMINAL PUSCH. Given that the UL interference can vary 10-20 dB within one day, it seems reasonable to assume that a change might take place every one hour. Other potential parameters include RACH and MBSFN configuration, but changes should be rather infrequent.
· Tolerable ambiguity duration – In Rel-8/9, all UEs read SI at once after the modification boundary upon SI change. The ambiguity time would typically be around 200 ms, given that typical SIB2 periodicity would be 160 ms. Hence, similar value can be considered also for SI change on an SCC. However, in case of SI change on an SCC, the UE can still continue communications via the PCC. Hence, somewhat larger ambiguity duration might be acceptable.
· Number of UEs using a particular CC as SCC – This is a difficult question, while having a significant impact to the overhead of the dedicated solution, and hence the gain of having a paging solution.
2.2
Clarification of paging solution
Signalling details

First of all, it seems that the paging solution itself is not yet entirely clear. Several signalling alternatives can be considered:

Alternative 1
Include a list of EARFCNs in the paging message

Alternative 2
Include a list of CC ids in the paging message

Alternative 3
Include a bitmap in the paging message, flagging CCs where SI change will take place

Alternative 1 is not desirable considering that each EARFCN is 16 bits, i.e., the overhead is considerable for the PCH which does not have HARQ combining. Alternative 2 is better, but how the CC ids are mapped to the EARFCN needs to be understood. This could either be signalled by system information broadcast or by dedicated signalling. Considering that such mapping information can be large in size, dedicated signalling would be desirable. Upon CC addition, some sort of CC id is anyway expected to be allocated. The same CC id can be used in the paging message. With Alt. 3, mapping of the bitmap to the CCs needs to be known by the UE. Also in this case, dedicated signalling can be used. Hence, Alt. 2 or 3 seems to be viable. Which alternative produces less overhead depends on the size of CC id or bitmap, and for how many CCs the SI is likely to be changed concurrently.
An aspect that needs to be considered with such approaches is the fact that multiple cells from the same CC may be (partly) overlapping in coverage to the Pcell. In the examples shown in Fig.1, UE1 and UE2 are both using Cell 11 as the Pcell, but are using different cells from the same CC as the Scell. Hence, to avoid SI reading by UE2 when SI change only takes place in Cell 21, different CC id or bitmap index needs to be used for different cells on the same CC.
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Fig.1  Examples showing two UEs with the same Pcell using different Scells on the same SCC.
Hence, desirably, the CC id or the bitmap index needs to address individual cells rather than the CC (i.e., carrier). However, this will require quite some bits. To address 8 different cells per CC and 4 different CCs, 32 identities (5 bits) or a bitmap of 32 bit length is necessary. Hence, if SI change takes place concurrently for more than 5-6 cells, the bitmap approach would exhibit less overhead. It should be noted that, however, the same identity or the bitmap index can be reused by different cells, if addressing of unintended UEs for SI reading is tolerable. Nevertheless, this would be one limitation of the paging solution that should be kept in mind.
Observation 1
Either a list of CC identities or a bitmap can be included in the paging message to indicate the CCs on which SI change will take place. To address different cells on the same SCC, which can be aggregated to the same Pcell, sufficient number of identities or bitmap length is necessary.

SI modification boundary
The SI modification period is most likely to be aligned across all CCs in practice. However, from standards perspective, which SI modification boundary to obey must be specified, i.e., of the PCC or the SCC. For simplicity, the SI modification boundary of the concerned SCC can be used.
Observation 2
The SI modification boundary of the concerned SCC can be used, when acquiring SI from the SCC.
Handling in case SI cannot be received

During the email discussion [69b#6], cases were questioned when SI cannot be received from the concerned SCC, when SI change is notified by paging.

Some companies commented that the SCC can be out-of-coverage due to “loose management” of SCCs. However, it is questionable then, what would be the actual trigger to remove such loosely managed SCCs? Would the eNB try to activate the SCC when data arrives later on, and only then know that the SCC is no longer available? It would be more logical to assume that the eNB would always have removed such bad SCCs. The UE is mandated to perform RRM measurements also on deactivated CCs, and the eNB should ensure that such bad SCCs are removed. Even existence of HeNB should not be an issue, since an RRM measurement report should anyway be triggered if an interfering HeNB is close by. Then, the eNB should take an appropriate action like SCC removal. We should be reminded that deactivation was intended for battery saving in case of low data activity, and deactivation should not be linked to radio link quality.
In case of HetNet, PDCCH may not be receivable on an SCC, while PDSCH can still be received. Although this seems to be a valid scenario, it is questionable how much use can be made out of the PDSCH on such SCC, if PDCCH cannot be received. If this is really a problem, the network can use dedicated signalling.

Nevertheless, in the rare event when the UE cannot receive the SI on the SCC, UE behaviour needs to be specified. As this should be sufficiently rare, battery consumption should not be an issue. Hence, the UE should be mandated to read the SI from SCC, before it is allowed to use that SCC. The UE can continuously attempt to read SI and ignore any resource allocations on the SCC, until it has read the SI.

Observation 3
Cases where the UE cannot receive SI on the SCC should be sufficiently rare. In the rare case when this happens, the UE can be mandated to read the SI as soon as possible, and until successful SI reception, the UE can ignore any resource allocations on the SCC.

Use of value tag

In Rel-8/9, a UE was allowed to rely on periodical checking of the value tag, as an alternative to monitoring paging, if the UE was not ETWS capable. In principle, there is no need to restrict the value tag checking behaviour by the UE, if the UE wishes to do so. However, reflecting any changes to the SI on another CC to the value tag is not desirable, as this will trigger unnecessary SI reading on the concerned CC. Hence, if the UE wishes to rely on the value tag, it just has to monitor the value tag on each configured CC. If the UE cannot do this, it will have to monitor paging on the PCC.
Observation 4
Adoption of the paging solution does not restrict the UE from relying on the value tag. If the UE can periodically check value tag on all configured CCs, there is no restriction to prevent such behaviour by the UE. However, if this is not possible by the UE, the UE should monitor paging on the PCC.

2.2
Analysis of dedicated signalling solution
PDSCH overhead

If the entire MIB, SIB1 and SIB2 are sent upon SI change, this can sum up to about 500 bits (this may be increased in Rel-10). If the “ambiguity duration” is to be comparable to Rel-8/9, the SI needs to be delivered within about 200 ms, to all UEs using the cell as an Scell. This requires 2.5 kb/s per UE. Considering expected user throughput in Rel-10, PDSCH overhead does not seem to be an issue. If delta signalling is adopted, the overhead can further be reduced.
Observation 5
PDSCH overhead does not seem to be a serious issue for the dedicated signalling solution.

PDCCH overhead

For a system bandwidth of 5 MHz, about 5 PDCCHs per TTI can typically be expected on average for dedicated signalling. This implies that within 200 ms, 1,000 PDCCHs are available. If, upon SI change, 500 bits need to be delivered, UEs at cell edge might require segmentation. However, for most of the UEs, 1 TTI should be enough. Hence, considering 1.5 TTI on average plus 10% HARQ retransmission, about 1.7 PDCCHs are necessary per UE on average. If 100 UEs need to be addressed, this will result in 170 PDCCHs, which corresponds to 17% of the PDCCH capacity. From this analysis, it seems PDCCH overhead is not so serious.
Observation 6
PDCCH overhead does not seem to be a serious issue for the dedicated signalling solution.

eNB processing load
Dedicated signaling requires many interactions between the RRC and MAC layers in the eNB. As the RRC layer is not aware which UEs are actively transmitting data, in a typical implementation, the RRC layer simply creates dedicated RRC messages for all UEs interested in the SCC, and throw them to the MAC. The MAC does not know the PDU content, and hence, would simply try to send these PDUs at highest priority (i.e., SRB1). However, for the MAC to avoid scheduling U-plane or sending PDCCH orders during the ambiguous time, the MAC needs to know when it needs to stop and when it can restart. This requires the RRC to first indicate to MAC that it should stop scheduling towards the UE before submitting the RRCReconfiguration message to the MAC. Then, after receiving the RRCReconfigurationComplete, the RRC needs to indicate to MAC that it can now restart. Alternatively, the MAC can be made aware of the PDU content, but such an approach can be more complex and unreliable. The layer interaction needs to take place for each and every UE using the SCC, within the short period of time (e.g., 200 ms if the ambiguous duration is to be equivalent to Rel-8/9). Depending on the number of UEs in CA, this can create considerable load to the eNB.

Assuming that an eNB has processing powers to handle about 200 RRC reconfiguration procedures per second per cell, and roughly half power can be used to handle SI change, 100 RRC reconfigurations can be managed. Then, it will take one second to process SI delivery to 100 UEs. If only 20 UEs need to be addressed, the processing time or the ambiguity duration can be suppressed to about 200 ms.

However, in a typical eNB, processing powers are shared by multiple cells that are under the eNB control. Hence, unless all cells under the same eNB require simultaneous SI change, more processing powers can be allocated to handle SI change in once cell. Although such capability significantly depends on the eNB implementation, the above numerical analysis can be considered as somewhat pessimistic.
Observation 7
eNB processing load may be an issue for the dedicated signalling solution, depending on the number of UEs that need to be addressed.
3. Conclusions
The paging solution has been adopted in Rel-8/9 and also in case of CA, for the PCC, the paging approach has been agreed. It seems that the SCC aspect would only require a small enhancement. However, as with any new feature, the complexity needs to be justified against the potential gains. From the analysis in this paper, the followings can be concluded with regards to the paging solution:

Complexity:

· Either a list of CC identities or a bitmap needs to be included in the paging message, and the identity/ bitmap needs to be configured upon CC addition.

· The UE should obey the SI modification boundary of the concerned SCC when reading SI from the SCC.

· The UE should ignore any resource allocations on the SCC until SI is successfully received, and the UE should continue to attempt SI acquisition if it fails.
· If the UE cannot periodically check value tag on all configured CCs, the UE shall monitor paging on the PCC.
Gain:

· The only real potential concern for the dedicated signalling solution seems to be the eNB processing load. However, this strongly depends on the number of UEs that need to be addressed. If the number is in the order of few tens, this should not be a concern, but if the number is in the range of a hundred, this may be a concern. With the paging solution, such concern does not exist. Hence, this would be the gain of adopting the paging solution.

Therefore, the benefit of the paging solution largely depends on the number of UEs in CA. One observation is that CA is aimed at increasing the peak user throughput rather than the system capacity. That is, CA is more effective when the system load is low. As such, the number of UEs in CA may not be very high. But different companies might have different opinions on the numbers.
Note that if both solutions are adopted, it should be up to the network to decide which mechanism to use. If the paging approach is adopted, DOCOMO expects that this will be used as default in typical scenarios. The UE should not have to be configured of which mechanism to apply, but it is rather the responsibility of the network to ensure delivery of the necessary information.

RAN2 is asked to take decision whether to adopt the paging solution or not, taking into account the above points.
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