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1	Background
In the last RAN2 meeting, we have discussed the modification issue of positioning system information but the means to indicate the change of the positioning SIBs have not been decided yet [1]. The common understanding until now is that leave it to UE implementation is not a good method which has the following problems:
1. For some use cases, such as tracking and navigation of autonomous vehicles, UE needs to read positioning SIBs continuously to perform AGNSS positioning. Since there may be many repetitions for each positioning SIB, if UE is not aware that whether the positioning SIBs are updated, it will be power-consuming to receive all the data to avoid missing assistance data, especially considering different UE implementation.
2. For the current status, there are no enhancements for the positioning SIBs. So the legacy modification mechanism will apply for them. But the legacy modification period may be not suitable for the positioning SIBs, which has different update rates.
Fortunately there are some available enhancement methods proposed in [2][3][4], and many companies think they are effective for positioning SIBs compared to legacy LTE methods and could work together. While some companies still have some concerns about these methods, e.g. what is the clear definition of “slow-varying” and “fast changing”, and how does the validity time solution work considering the concerned SIBs may have inconstant update period e.g. due to the delay in the system. In this contribution, we give our further analysis and suggestions.
2	Discussion
2.1	Existing methods in LTE
In LTE system, change of system information (other than for ETWS, CMAS and EAB parameters and other than for AB parameters for NB-IoT) only occurs at specific radio frames, i.e. the concept of a modification period is used. When the network changes (some of the) system information, it first notifies the UEs about this change throughout a modification period and then transmits the updated system information in the next modification period.
Three methods are used to indicate UEs the change of system information in 4G network:
1. Paging message/ Direct Indication Information. The Paging message with cause systemInfoModification is used to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change. For eMTC and NB-IoT UEs, it also can be notified in DCI of PDCCH for paging message to save UE power consumption. But the paging message/ MPDCCH (eMTC) / NPDCCH (NB-IoT) could only carry the following coarse indications in LTE: systemInfoModification, etws-Indication, cmas-Indication, eab-ParamModification, and systemInfoModification-eDRX. With only systemInfoModification, the UE does not know which system information is updated. 
2. ValueTag. UEs may use systemInfoValueTag, e.g. upon return from out of coverage, to verify if the previously stored SI messages are still valid. In LTE, there are two kinds of valueTag: 
1) ValueTag in SIB1: one valueTag (5 bits) used for all SIBs, except for MIB, SIB1, SIB10, SIB11, SIB12 and SIB14.
2) ValueTag in SIB1-BR: each SI message has one valueTag (2 bits), except for MIB, SIB1, SIB10, SIB11, SIB12 and SIB14.
· For eMTC the common value tag (i.e. systemInfoValueTag) and SI message specific value tags (i.e. systemInfoValueTagSI) are in SIB1. From eMTC UE perspective, after receiving system information change notification in paging message, UE reads the MIB and SIB1, and if common value tag included in the SIB 1 is different from the one of the stored system information and if SI message specific value tag is included in the SIB 1 for a specific SI message and is different from the stored one, the UE consider this specific SI message to be invalid and reacquires that SI message. 
· For NB-IoT the common value tag is in MIB and SI message specific value tags are in SIB1 to further reduce UE power consumption. After receiving system information change notification in paging message, UE reads the MIB and checks the common value tag in MIB. If the common value tag is changed, UE reads SIB 1 and checks SI message specific value tag. If SI message specific value tag is included in the SIB 1 for a specific SI message and is different from the stored one, the UE consider this specific SI message to be invalid and reacquires that SI message. 
3. Validate time. The stored system information is considered invalid after a certain pre-configured validity time, i.e., 3 hours in LTE and 24 hours for eMTC/NB-IoT, from the moment it was successfully confirmed as valid. Accordingly, the UE deletes any stored SIB information after the validity time. 
2.2	Problems of the existing methods
The problems and corresponding enhancements of the existing methods in LTE as well as further challenges in positioning SIBs are given in Table 1.
Table 1  Problems of the existing methods
	
	Problems in legacy LTE
	Enhancements in eMTC/ NB-IoT
	Further problem in positioning SIBs

	Paging
	After receiving the SI update indication in paging message, UE has to acquire MIB and SIB1. If the common valueTag in SIB1 is changed, the UE has to read all of the SI messages irrespective of whether it is interested or not.
	UE power consumption caused by reading unnecessary paging content is saved by introducing DCI of PDCCH. However only the common systemInfoModification is indicated.
	If only systemInfoModification is allowed, the UE not interested in positioning has to acquire MIB and SIB1 on receiving the system information change notification in paging message leading to UE power consumption.

	valueTag in SIB1
	UE does not know which SIB is updated and has to re-acquire all of them. This leads to unnecessary UE power consumption.
	By introducing SI specific valueTag in eMTC and NB-IoT, the UE could only re-acquire the interested updated system information instead of all of them.
	Assuming the SI specific valueTags also applied to positioning SI messages. But limited by the validate time and size of SI specific valueTag (e.g. 2bits), only 4 times of change is allowed during 24hrs. From this point of view, valueTag method is not suitable for fast changing positioning SIBs.

	Validate time
	The constant length of validate time has impacts on the design of valueTag size.
	A longer validate time is introduced for eMTC and NB-IoT to further reduce UE power consumption.
	As mentioned above, limited by the validate time and size of valueTag (e.g. 5bits), only 32 times of change is allowed during 3hrs which is not suitable for fast changing positioning SIBs.


2.3	Possible solutions for positioning and their relative metrics
To make the existing methods more applicable for positioning case, several enhancements are proposed. 
1) Introduce a new indication in Paging message, e.g. systemInfoModificationSlow-pos
It is reasonable that only the UE who needs to perform positioning should be notified for the change of positioning SIBs, and the other UEs do not need to be affected. To support this, a new positioning system information modification indication in Paging Message instead of the existing systemInfoModification should be introduced. For frequently varying SIBs, there is no need to introduce such an indication to avoid signalling overhead. So the indication is only applied to the slowly varying SIBs.
2) Introduce pos-SI specific valueTags, e.g. pos-SystemInfoValueTagSI
Considering valueTag is only suitable for slowly varying pos-SIs, we can use the presence of the valueTag to indicate UE whether the pos-SI message is slowly varying or not. The existence of the pos-SystemInfoValueTagSI means it is a slowly varying pos-SI. Otherwise, it is not slowly varying or is fast changing. Upon re-entering into the cell or after receiving the paging message indicating systemInfoModificationSlow-pos, the UE should check the pos-SI specific valueTags to find which pos-SIs are changed.
3) Introduce a validity time for each pos-SI message
Different from existing system information, the pos-SIs have their own rough updating periods which could be {1s, 5s, 15s, …3600s,…}. In our understanding, the existing concept of modification period is not applicable for fast changing pos-SIs. If the modification period is used, all of the fast changing pos-SIs could only be updated in the next modification period. For example, assuming the modification period is 10240ms, the pos-SIs which updating period is 1s or 5s could only be updated every 10240ms. It would bring loss to positioning accuracy. For slowly varying pos-SIs, for example which updating period is 3600s, it is unreasonable to let the UEs verify the validity of the pos-SIs by either checking systemInfoValueTag in SIB1 after the modification period boundary, or attempting to find the systemInfoModification indication at least modificationPeriodCoeff times during the modification period in case no paging is received, in every 10240ms. This would not beneficial for UE power saving. So in our view, the existing modification period should not be applied for pos-SIs.
Proposal 1. The existing modification period is not applied for pos-SI messages.
In the last meeting, some companies questioned about the assumption of the validity time solution and thought it applies only when the concerned SIBs have a regular update period. To this question, we give our further clarifications below.
From implementation point of view, the network could update the pos-SIs at any time. That is, the update period of the concerned SIBs may be inconstant e.g. due to delay in the system. But from UE side, it always use the constant validity periods suggested by the network to re-acquire the updated pos-SIs. The general principle is illustrated in figure below, in which different colours indicate different versions of specific positioning system information (e.g. pos-SI-2) and the validity period used by the UE and suggested by the network is 1s.

Figure 1  illustration of validity period
The validity time for each pos-SI message is used to indicate/suggest UE when to re-acquire the updated pos-SIs. It is not the actual broadcasting period of the pos-SI message.
2.4	Our proposals
In our view, each enhancement method has its own pros and cons. Generally the new indication in paging message and the pos-SI specific valueTags in SIB1 are more applicable for slowly varying pos-SIBs, while the pos-SI specific validity period is also effective for fast changing pos-SIs. With only paging enhancement, the UE could not know which pos-SI is changed without the help of pos-SI specific valueTag. Besides, the signaling overhead would become a big challenge if it is also applied to fast changing pos-SIs. With only valueTag, UE would have to check every modification period which would lead to more UE power consumption. Unfortunately, the valueTag method is not suitable for fast changing pos-SIs. For validity period method, it could be applied to both fast changing SIs and slowly varying SIs, but it has the drawback that UE does not know the accurate updating time boundary of the pos-SI message. Considering the pros and cons of these methods, we think the combination of them is more effective.
A single enhancement method could not work well.
Proposal 2. Support all the methods listed in section 2.3. 

Another question left over from the last meeting is the definition of “slow-varying” and “fast-changing”. In our view, presence of the pos-SI specific valueTags in SIB1 or not can be used to indicate whether the pos-SI message is slowly varying or fast changing. More specifically, the existence of the valueTag for a specific pos-SI message means it is a slowly varying pos-SI message. Then the UEs could learn the change of this pos-SI message by either checking the valueTag or receiving systemInfoModificationSlow-pos in a paging message. The absence of the corresponding valueTag in SIB1 means it is a fast changing pos-SI message. At least for fast changing pos-SI messages, a validate period can be indicated to the UEs so that they can follow this suggested period to re-acquire the updated pos-SI messages.
Proposal 3. The presence of the pos-SI specific valueTags can be used to indicate whether the pos-SI message is slowly varying or fast changing.
Proposal 4. The pos-SI specific valueTags in SIB1 and the systemInfoModificationSlow-pos in paging message are used to indicate UEs the change of the slowly varying pos-SI message.
Proposal 5. At least for fast changing pos-SI messages, a pos-SI message specific validate period is applied. 
How to categorize the pos-SIBs could be left for operators. They could do a better classification balancing between network signaling overhead and UE power consumption. We don’t need to make the hard split in the specification. 
Proposal 6. Categorization of the pos-SIBs is left for operators.
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1. The existing modification period is not applied for pos-SI messages.
1. The validity time for each pos-SI message is used to indicate/suggest UE when to re-acquire the updated pos-SIs. It is not the actual broadcasting period of the pos-SI message.
A single enhancement method could not work well.
Proposal 2. Support all the methods listed in section 2.3. 
Proposal 3. The presence of the pos-SI specific valueTags can be used to indicate whether the pos-SI message is slowly varying or fast changing.
Proposal 4. The pos-SI specific valueTags in SIB1 and the systemInfoModificationSlow-pos in paging message are used to indicate UEs the change of the slowly varying pos-SI message.
Proposal 5. At least for fast changing pos-SI messages, a pos-SI message specific validate period is applied. 
Proposal 6. Categorization of the pos-SIBs is left for operators.
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