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1. Introduction

In Shenzhen meeting, RAN2 discussed system information change indication scheme for LTE_ACTIVE UE in [1]. RAN2 agreed following points as stated in [2].
· UE reads SIB2 after handover to acquire information related to connected mode system information acquisition (at minimum this consists of modification period, plus e.g. BCCH modification indication occasion). MIB/SIB1 required to read SIB2. (Assumption is that everything for handover and to continue user plane activity handover command)
· For idle and connected mode the system information modification period is the same.
On the other hand, following issues are left to open for BCCH modification indication scheme for LTE_ACTIVE UE.
· Where are the occasions where change RNTI is send, and what parameters define this
· Which occasions does a UE have to check for change RNTI
· Can the occasions that the UE receives be aligned with DRX on duration?
· Does the change of RNTI indicate changes of SIBs relevant to connected mode or changes to any SIB?
In addition, views on the benefit to merge LTE_IDLE UE procedure (i.e. paging) and LTE_ACTIVE UE procedure (i.e. Scheduling Information Change RNTI) into one procedure were recognized.

Objective of this document is to summarize issues for system information change indication for LTE_ACTIVE UE and discuss possibility to merge two procedures (i.e. LTE_IDLE and LTE_ACTIVE) into one procedure.
2. Discussion
2.1.  BCCH modification indication scheme for LTE_ACTIVE UE
2.1.1.  Terminology

In order to be clear the discussion, following definitions are proposed.

System information Change Indication occasion (SCI occasion):

SCI occasion are the occasion where System Information Change RNTI is sent. SCI occasion is common for all UEs in under the cell. Unit of SCI occasion is 1 subframe. 
System information Change Indication cycle (SCI cycle):

SCI cycle is a cycle of SCI occasion. Unit of SCI cycle is subframe .
2.1.2.  Paging behaviour in LTE_IDLE 
This section describes BCCH modification indication scheme for LTE_IDLE UE (i.e. paging behaviour) in order to compare with system information change indication scheme for ACTIVE UE. The behaviour is illustrated in Figure 1. In this figure, T is 256 and Paging_DRX_T is 256 (i.e. DRX cycle is 2.56s).  In this figure, two cases are described as follows:
N (the number of paging group) = 64 and Ns (the number of paging occasion in one radio frame) = 1

· One paging occasion is assigned per 4 radio frames.
· Paging occasion is subframe#9. 
N (the number of paging group) = 256 and Ns (the number of paging occasion in one radio frame) = 2

· Two paging occasions are assigned per one radio frame.
· Paging occasion is subframe#4 and #9.
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Figure 1: Paging behaviour for LTE_IDLE UE
2.1.3.  Occasions where change RNTI is send
This section discusses how to define the SCI occasion and SCI cycle. 
Main difference between LTE_IDLE UE procedure (i.e. paging) and LTE_ACTIVE UE procedure (i.e. Scheduling Information Change RNTI) would be that, in LTE_ACTIVE UE procedure, SCI occasion and SCI cycle are common among all UEs in the cell, since system information change is common even among UEs. In order to minimize overhead in PDCCH and PDSCH, it’s preferable to minimize SCI occasions. For example, if 4 repetitions are required for reliability, it is good to define only 4 SCI occasions from PDCCH overhead perspective. On the other hand, if SCI occasions are limited, it would be difficult to align SCI occasions with DRX on-duration as discussed in section2.1.5 later. In addition, overhead in PDCCH might not be significant, since SC-RNTI won’t be transmitted frequently based on that system information change is not frequent event (i.e. once per hour at most) in RAN2 assumption. Therefore, following assumption could be considered.
Assumption 1: UE needs to monitor PDCCH during several SCI occasion within modification period in order to achieve enough reliability as same as paging reception for LTE_IDLE.

Assumption 2: The number of SCI occasions which used in the cell is larger than the number of SCI occasions which UE needs to monitor.

Based on above assumptions, following alternatives are identified so far.
Alternative A-1: same behaviour as paging
· Radio frame which has SCI occasion is given by "SFN mod T = (T div N). 
· SCI occasion in subframe level is decided by Ns and table defined in [3]
· SCI cycle is up to Ns as follows:

· Ns=1: N * 10ms
· Ns=2: 5ms
· Ns=4: 2 or 4ms

· Whether same IE for paging is used, or different IE leads some variants.
· Difference from paging is that all SCI occasion are valid for all UEs. In paging, UE selects paging occasion based on UE_ID as described in section2.1.2.
Alternative A-2: left to eNB implementation. eNB implementation should consider solution on when UE should checks for the SC-RNTI
· No specification is needed
Alternative A-1 behaviour of SCI occasion and SCI cycle are illustrated in Figure 2. Benefit of this proposal is commonality with paging. Therefore, complexity to introduce system information change indication reception will be minimized. If same IE for paging is used, no additional signalling is required to indicate SCI occasion and SCI cycle to UE. In addition, this scheme has possibility to merge LTE_ACTIVE procedure and LTE_IDLE procedure into one procedure as discussed in section2.2 later.
[image: image2.emf]radio frame

radio frame

SCI cycle

N = 64

Ns = 1

N = 256

Ns = 2

Modification period (e.g. 10.24s)

Paging DRX cycle 

(e.g. 2.56s)

SCI occasion for all UEs

SCI cycle


Figure 2: SCI occasion and SCI cycle for Alternative A-1
Question 1: how SCI occasion is specified?

Company’s opinion

· Panasonic: Alternative A-1 with same IE for paging is preferable due to limited additional complexity and no signalling impact.
· ZTE: prefer alternative 1 i.e. same behaviour as paging
· Samsung: No need to be specified, since paging can be used for both LTE_ACTIVE and LTE_IDLE
· Ericsson: Most important issue is when UE checks for the SC-RNTI. Once this is agreed, it is up to eNB implementation to ensure that all Connected mode UEs receive the notification with sufficient reliability (The first question above). There is no need to specify when the SC-RNTI may be sent.
Proposal 1:  Currently, there is no negative comment to use same behaviour as paging to define SCI occasion. Therefore, email discussion rappoteur proposed to agree that alternative A-1 is baseline.
2.1.4.  Occasions which a UE have to check for change RNTI
This section discusses which occasions UE have to check for SC-RNTI.
This topic is tightly related with SCI occasion and SCI cycle definition which are discussed in section2.1.3. But, it will be possible to have some assumption independently. Following points could be naturally assumed.
Assumption 3: UE should not wake up frequently to monitor PDCCH on the SCI occasions in order to reduce battery power consumption. 
Assuming that above assumption is agreeable, next step which we should check is frequency to monitor PDCCH on the SCI occasions. eNB needs to send SC-RNTI with enough reliability. Therefore, it is necessary for eNB to know how often UE monitor SC-RNTI in order to decide transmission power. For the discussion on the frequently to monitor PDCCH on the SCI occasions, it is worth to compare it with paging cycle, since paging cycle is a frequency to monitor PDCCH for system information change for LTE_IDLE UE. Examples of frequency to monitor SC-RNTI are illustrated in Figure 3.  In Figure 3, three cases are illustrated. In Case A, frequency to monitor SC-RNTI is same as paging cycle. UE monitors SC-RNTI in the one SCI occasion per paging cycle. In Case B, frequency to monitor SC-RNTI is lower than paging cycle. UE monitors SC-RNTI in the one SCI occasion per multiple paging cycles. In Case C, frequency to monitor SC-RNTI is higher than paging cycle. UE monitors SC-RNTI in the several SCI occasions per one paging cycle.
During the email discussion, there are several views that it’s not necessary to specify when UE has to check for SC-RNTI, since this can be left to UE implementation. For example, it may be enough to define how many times UE has to check for SC-RNTI. Several companies consider that the number could be one.
As different way, there is one proposal that UE checks for SC-RNTI in the first subframe of on-duration, if UE has DRX configuration. In this solution, UE will check for the SC-RNTI at specific time-instants, if UE does not have DRX configuration. The specific time-instants might be paging occasion. 
There was no comment on ETWS aspect. However, it seems clear that ETWS will affect this discussion, since we may need to specify UE requirement on frequency to check for the SC-RNTI, if ETWS is supported by system information transmission. Therefore, this should be considered.
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Figure 3: example of frequency to monitor SC-RNTI
Question 2: Is the frequency to monitor PDCCH on the SCI occasions same as paging cycle? If not, is frequency to monitor PDCCH on the SCI occasions is higher or lower than paging cycle?
Company’s opinion
· Panasonic: Frequency to monitor PDCCH on the SCI occasions is equal to paging cycle
· ZTE: if considering both question2 and question 3, it will link the DRX configuration in CONNECTED state with DRX configuration in IDLE state. but since the DRX configuration in CONNECTED state is also related to QoS parameter. We do not think it is reasonable. for example the DRX length in CONNECTED will be 1/N * DRX in IDLE . it maybe better only specify how to transmit the notificaiton message but not UE's detail behaviour. it maybe fine to define some principle for UE's behaviour like UE may not monitor during DRX sleep phase and for eNB it try its best to align the on-duration with the the SCI/Paging occasion.
· Motorola: We don’t think it is necessary to specify which SCI occasions UE shall monitor. All that matters is that the UE monitors some n SCI occasions during the modification period. Furthermore, n=1 may be sufficient.
· Samsung: No need to specify UE behaviour. When to see paging message is up to the UE
· Nokia: I think the proposals from Motorola to check paging message at least once during modification cycle (in connected mode) is good way to go or alternatively UEs can just check SIB1 value_tag just after the modification period boundary to get knowledge of system information changes.
· Ericsson: The simplest solution is that the Connected mode UE always checks for the SC-RNTI whenever the UE is awake. However, if it turns out that checking for the SC-RNTI in every subframe (when the UE is not in DRX) introduces unacceptable complexity to the UE,  we suggest a solution where the UE checks for the CS-RNTI e.g. in the first subframe during DRX on-duration.  By implementation (and by configuring DRX), the eNB can then make sure that all UEs are reached before system information is changed. We see no need to specify SCI occasions or SCI cycles as described in the document. The special case when no DRX has been configured (since DRX is an optional feature) may have to be considered separately.
· Infineon: See comments in the Section2.2
Whether frequency to monitor PDCCH on the SCI occasions is configurable or not is also one issue, if result of question2 is go to the different value from paging cycle. Therefore, 
Question 2-1: If frequency to monitor PDCCH on the SCI occasions is different from paging cycle, is the frequency configurable (e.g. paging cycle * X or paging cycle / X. (X is integer here))? Or, is it defined in specification?
Company’s opinion

· Motorola: We don’t see the need to specify frequency of SCI monitoring.
Proposal 2:  Different views were shown in this aspect. One important point which was missed in the email discussion is consideration of ETWS. This point also should be considered. Based on the discussion so far, proposal from email discussion rapporteur is to decide which way RAN2 should go from following two directions. Then, RAN2 should define required definition e.g. based on PDCCH reliability and ETWS solution. Whether UE implementation to check only value tag in SI-1 is allowed or not also should be discussed irrespective of this solution.
Direction1: Define how many times UE need to check for the SC-RNTI possibly with the periodicity
Direction2: Define UE monitors SC-RNTI in the first subframe of the DRX on-duration
2.1.5.  Alignment between occasions that the UE receives and DRX on-duration
This section discusses alignment between SCI occasion and DRX on-duration. As discussed in [1], if SCI occasion and DRX on-duration are not aligned, UE battery power consumption is increased due to additional wake up. This means that battery consumption of LTE_ACTIVE UE in DRX is higher than battery consumption of LTE_IDLE UE. The impact will be different between long DRX UE and short DRX UE. For short DRX UE, the impact might not so big. However, for long DRX UE, the impact could be significant. Therefore, it is  better to have a scheme to align SCI occasion with DRX on-duration. In this section, only long DRX is considered.
Alternative B-1: alignment SCI occasion with DRX on-duration is left to eNB implementation
· In this alternative, DRX on-duration is decided by eNB configuration explicitly. Then, UE decides which SCI occasion should monitor by UE itself based on discussion in section2.1.4. 
· Pros:

· no need to specify additional behaviour for DRX and flexibility to decide DRX on-duration position
· Cons: 
· Motorola: DRX occurrences can change quite quickly and managing SCI occasions based on DRX on durations of large number of UEs may be practically difficult. Also this seems to imply that if DRX on durations shift for some UEs (due to data arrival), this causes change of SCI occasions; how is this signalled?
Alternative B-2: define DRX on-duration based on SCI occasion
· In this alternative, DRX on-duration is decided based on SCI occasion. For example, as proposed in [4], C-RNTI is considered as UE_ID to decide DRX on-duration. In this case, SCI occasion for UE is also decided based on C-RNTI as same method as paging. That is, "C-RNTI mod N" & "C-RNTI/N mod Ns" are used to decide SCI occasion. The behaviour is illustrated in Figure 4. In Figure 4, UE1 is a UE of "C-RNTI mod N = 0" & "C-RNTI/N mod Ns = 0". Therefore, UE decides right blue box in Figure 4 as SCI occasion and on-duration is started from the SCI occasion.
· Pros:
· UE behaviour can be precise. Therefore, it’s possible for UE vendor to optimize battery power reduction based on no additional wake up during DRX.
· Cons:

· a restriction  DRX on-duration position
· Motorola: Generally user plane data arrival pattern is the driver for DRX. Basing DRX on duration on system information change is likely to introduce inefficiencies. Note that UE has to periodically look for sys info change indication but sys info change itself is very infrequent.
· Motorola: Furthermore, if we assume alignment between idle mode and connected mode, Alternative B-2 would have only as many SCI occasions as paging occasions (which is a maximum of 4 per frame). Is this not restrictive on DRX (at least one DRX on duration has to start at an SCI occasion)?
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Figure 4: DRX behaviour in case of Alternative B-2
Question 3: which alternative is preferable?

Company’s opinion

· Panasonic: Alternative B-2 is preferable to precise UE behaviour. 

· Samsung: No need to specify UE behaviour

· Ericsson: Question2 covers this aspect
· Motorola: UE needs to perform measurement during DRX cycle. Therefore, we don't see an issue from a power consumption perspective.
Proposal 3:  It seems that this issue is up to decision in section2.1.4. Therefore, this issue should be concluded based on the outcome of section2.1.4. 
2.1.6.  SC-RNTI is for all SIBs or only SIBs for LTE_ACTIVE UE
This section discusses whether SC-RNTI is transmitted for all SIBs, or only SIBs for LTE_ACTIVE UE.
Almost of SIBs are mainly for LTE_IDLE UE. Currently, only RACH parameter mapped on the SIB2 is identified as system information for LTE_ACTIVE UE. Therefore, it could be considered that SC-RNTI is only transmitted, when SIB which LTE_ACTIVE UE needs to update is changed. This can reduce the number of attempt to receive system information for LTE_ACTIVE UE. On the other hand, the benefit may not be so significant, since current RAN2 assumption is that system information change happens once per hour at most. It also should be noted that LTE_ACTIVE UE anyway needs to receive MIB and SIB1 in order to receive SIB2. The gain is to avoid the reception of SIB3-8. Therefore, the improvement might not be significant.
One additional alternative would be that eNB decides how SC-RNTI is used. In this case, UE receives all SIBs, when UE detects SI-RNTI. It’s possible for eNB to decide when SC-RNTI is transmitted. For example, eNB only sends SC-RNTI, when RACH parameter is changed. This behaviour can remain some room for eNB optimization as implementation. It should be noted that this alternative does not increase testing for UE, since UE anyway receives all SIBs.
In short, following three alternatives are foreseen so far.

Alternative C-1: SC-RNTI is used to inform UE of change for all SIBs
Alternative C-2: SC-RNTI is used to inform UE of change for only SIBs for LTE_ACTIVE UE

Alternative C-3: Usage of SC-RNTI is left to eNB implementation. UE needs to receive all SIBs
Alternative C-4: No need to define SC-RNTI (i.e. paging is used for both LTE_IDLE and LTE_ACTIVE)

Question 4: Which alternative should be supported?
Company’s opinion

· ZTE: MAC specification (section 5.3.1) says: NOTE: Downlink assignments for both C-RNTI and [broadcast identity] can be received in the same TTI. in my understanding even UE will receive all the System information there is no more complexity. if it goes to alternative C-2, the UE has to check the value tag every time UE go to IDLE state from CONNECTED state even no BCCH information is changed because UE can't make sure whether it changed or not except for the SIBs for CONNECTED state. so we prefer alternative C-1
· Motorola: Please see sec 2.2. We think that paging should be used for both idle mode and connected mode.
· Samsung: No need to define SC-RNTI.
Proposal 4:  No one proposes to have specific behaviour for LTE_ACTIVE. Therefore, we should agree that alternative C-1 is baseline for LTE_ACTIVE UE (i.e. LTE_ACTIVE UE receives all SIBs, when UE detects system information change).
2.2.  One procedure for both LTE_IDLE and LTE_ACTIVE?
This section discusses whether we can merge system information change indication procedures for LTE_IDLE and LTE_ACTIVE into one procedure, or not.
In order to merge two procedures into one procedure, we can select procedure for LTE_IDLE or procedure for LTE_ACTIVE. In case procedure for LTE_IDLE is selected, LTE_ACTIVE UE needs to receive PCCH mapped on PCH in addition to unicast traffic. This might be drawback of this behaviour, if the number of transport blocks which UE needs to receive is increased. However, in current assumption, UE anyway needs to have capability to receive two transport blocks, one for unicast and one for system information. Therefore, assuming that paging reception for LTE_ACTIVE UE is only to know system information change, UE will be able to receive transport block for paging without complexity, since UE can avoid system information reception during paging reception. However, as other aspect, it may be necessary to check to RAN1 whether system information and paging can be transmitted in same subframe for LTE_ACTIVE UE, or not. Currently, RAN1 discusses the number of blind decoding for PDCCH especially for LTE_ACTIVE UE. If LTE_ACTIVE UE  has very limited number of blind decoding for PDCCH (e.g. 2 blind decoding for format 1-C), it may not be able to transmit paging and system information at the same subframe. Therefore, it seems not clear to RAN2 whether paging and system information can be transmitted for LTE_ACTIVE UE, or not.
Note: In case of MIMO, three transport blocks have to be treated (i.e. two for unicast and one for system information)
Additional drawback would be overhead in PDSCH, since PDSCH resource has to be used for this solution.
In case procedure for LTE_ACTIVE is selected, LTE_IDLE UE needs to monitor SC-RNTI in addition to PI-RNTI. The behaviour won’t lead additional complexity to UE, since UE just compares decoded result with both SC-RNTI and PI-RNTI. One possible drawback to use SC-RNTI for both LTE_ACTIVE and LTE_IDLE UE will be that we can’t optimize SC-RNTI for LTE_ACTIVE UE as discussed in section2.1.6. In order to solve this, it could be considered to prepare different RNTI for LTE_ACTIVE and LTE_IDLE. In this case, we can keep room for optimization by reserving additional RNTI.
Based on above, following 4 alternatives could be considered as candidates.
Alternative D-1: Keep current assumption (i.e. two different procedures LTE_ACTIVE UE and LTE_IDLE UE)
Alternative D-2: Use paging for LTE_ACTIVE and LTE_IDLE
Alternative D-3: Use one SC-RNTI for LTE_ACTIVE and LTE_IDLE
Alternative D-4: Use different SC-RNTI for LTE_ACTIVE and LTE_IDLE.
Question 5: which alternative is preferable?

Company’s opinion

· ZTE: we prefer to keep the BCCH modification notification message because it is clearer in logic and demand less signalling overhead. Therefore, preference is Alternative D-3. But, this is up to UE complexity to monitor BCCH modification notification in addition to paging for LTE_IDLE UE. If this is not negligible, Alternative D-1 is preferable.
· Motorola: Alternative D-2; FFS whether the paging IE indicates which SIB/set of SIBs have changed. 
· If the LTE_IDLE approach (paging) is used for both, connected mode UE has to receive paging RNTI and associated paging IE (instead of just SC-RNTI). If the LTE_ACTIVE approach (SC-RNTI) is used idle mode UEs have to look for the SC-RNTI in addition to the paging RNTI. Given that the paging mechanism can be used to carry the change indication, it is unnecessary to use another RNTI for this purpose. Thus we prefer Alternative D-2 below.
· Samsung: We prefer similar or same approach as D-2 since we also think it would be beneficial to align between idle UEs and connected UEs. The connected UE see (at least one) any paging message to check system information change within a modification cycle. When to see paging message is up to the UE. I guess it is similar to Motorola’s view. In addition, as a result, SC-RNTI might not be needed since P-RNTI will be used for the reception of paging message.
· Nokia: We also prefer to align behaviour of SI reception in idle and connected mode and thus we also see that using paging message to indicate changes connected mode UEs is preferred way (naturally with P-RNTI -> no need for SC-RNTI). I think the proposals from Motorola to check paging message at least once during modification cycle (in connected mode) is good way to go or alternatively UEs can just check SIB1 value_tag just after the modification period boundary to get knowledge of system information changes.
· LGE: We see D-3 features more efficient UE behaviors. So we prefer D-3
· Ericsson: We find it acceptable that the Connected and Idle solutions are separate (Alternative D-1). However, we believe that Alternative-D3 should  also be adequate, where Idle mode UEs check for the CS-RNTIs at paging occasions in parallel to the P-RNTI. We see no reason to introduce any separate change RNTI for Idle UEs (Alternative D-4), which would then not truly align the two procedures. If the procedures are aligned, then the SC-RNTI should indicate changes to any SIB, not only SIBs relevant to connected mode (last question above).
· Infineon: In order to avoid false alarm, it’s preferable to use paging (i.e. D-2). There are three candidates on when UE should monitor paging as follows:
· A fix position relative to the end of the SI modification period is defined. The UE would then wake up one time extra independent/asychron to the current DRX scheme. This might be acceptable depending on the configured modification period lenght. (If a single subframe approach is seen as to restrictive a short window might be considered).
· The normal paging occasions are used. As the flag is not UE specific, the UE may read any Paging from any paging group. As all UEs needs to be informed the flag must be set consistent at least in the last paging group repetition period (i.e. the paging cycle) of the SI modification period. Either one paging occurrence overlaps with the current UE DRX scheme or the UE would need to wake up once asynchrony in order to receive a Paging.
· The network ensures that all UEs in connected mode DRX are able to receive the Paging (which must not be a Paging with which the UE could be addressed for MTCs) in the normal "On Duration" (i.e. a Paging messages might be sent anywhere during the active period). Here a period of time might be defined (as a window in front of the end of the modification period) within which the UE might check for potential Paging messages.
Proposal 5:  Even though there is support on Alternative D-1, it seems clear that many companies would like to have only one procedure. Therefore, proposal from email discussion rapporteur is to select from Alternative D-2 and D-3.
3. Conclusion
This document discusses system information change indication to LTE_ACTIVE UE and summarizes companies views on this aspect. Based on discussion, proposal from email discussion rapporterur are as follows:
Proposal 1:  Currently, there is no negative comment to use same behaviour as paging to define SCI occasion. Therefore, email discussion rappoteur proposed to agree that alternative A-1 is baseline.
Proposal 2:  Different views were shown in this aspect. One important point which was missed in the email discussion is consideration of ETWS. This point also should be considered. Based on the discussion so far, proposal from email discussion rapporteur is to decide which way RAN2 should go from following two directions. Then, RAN2 should define required definition e.g. based on PDCCH reliability and ETWS solution. Whether UE implementation to check only value tag in SI-1 is allowed or not also should be discussed.
Direction1: Define how many times UE need to check for the SC-RNTI possibly with the periodicity

Direction2: Define UE monitors SC-RNTI in the first subframe of the DRX on-duration
Proposal 3:  It seems that this issue is up to decision in section2.1.4. Therefore, this issue should be concluded based on the outcome of section2.1.4. 

Proposal 4:  No one proposes to have specific behaviour for LTE_ACTIVE. Therefore, we should agree that alternative C-1 is baseline for LTE_ACTIVE UE (i.e. LTE_ACTIVE UE receives all SIBs, when UE detects system information change).

Proposal 5:  Even though there is support on Alternative D-1, it seems clear that many companies would like to have only one procedure. Therefore, proposal from email discussion rapporteur is to select from Alternative D-2 and D-3.
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