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1
Introduction
RAN#45 discussed UE IOT capabilities and they provided a task for RAN2 to come up with a list of Rel-9 features that should have an IOT bit in order to avoid interoperability problems. Additionally RAN2 was requested to check if grouping of features under one IOT bit is feasible. RAN will look at this provided list at the next RAN meeting and they will decide whether the list is acceptable, and which of these features would not have an IOT bit but a true optionality bit. RAN2 should also come with a proposal to RAN#46 on how to continue with the Rel-8 FGI list. 

In this paper we try to propose a way forward on this matter on both of these matters:

1 How to do IOT bit handling in REL9 for EUTRAN?

2 How to continue with REL8 FGI list.

2
Discussion

As we have learnt from the past experience and e.g. lately from the work on enabling early LTE-UTRA interworking support, it is important to define all new UE features, which are not clearly corrections, as optional UE features in order to avoid problems later on and allow early and phased introduction of new features and technologies. To our understanding this was also guidance from the RAN#45. We also see that it is important to define UE capability signalling for the optional features whenever signalling benefits the system by avoiding in future impossibility to introduce some new features which have not been tested by UEs. 
2.2
E-UTRA REL9 

Below we have listed some examples of REL9 E-UTRA features which are likely to require UE capability signalling. In some case it may be sufficient to only define that these new features are optional for UE but specific UE capability signalling is not needed. This, however, should be carefully analysed before deciding not to define any signalling indication to a given feature in order to make sure that lack of signalling indication will not cause IOT problems for the given feature at the time of feature deployment. If the situation is not clear, it is safer to define a signalling indication rather than leaving it out.
2.2.1
Support of REL9 CSG enhancements

· As there is already a agreed functionality for the NW to indicate that it does not support CSG connected mode mobility then it is natural that we have similar bit for UEs also as it the CSG connected mode mobility function may not be deployed at initial phase of REL9 NWs. 

· So far the REL9 HeNB enhancements item is still a bit immature to make any final assessment of required IOT bits, but it seems that following items should be discussed:
· CSG cell support in connected mode - Reporting of CSG ID

· It is not completely clear how proximity indication/CSG ID reporting works, but at least this function includes reading of CSG ID autonomously and performing preliminary access checking. This functionality is needed for basic connected mode mobility i.e. could be under CSG connected mode IOT bit, but it should be studied if this functionality should be divided to multiple functions.
2.2.2
Hybrid cell support in connected mode
· In REL8 one already supports hybrid cells in idle mode and also in connected mode for hybrid cells which do not have PCI confusion. For these kinds of hybrid cells no separate support is needed as the HOs are handled as per normal macro cells.

· As the HO to hybrid cell needs to work for legacy UEs then it seems that optimizations for REL9 UEs could be considered non essential in first NW releases and separate capability bits seems to be required.
· Reporting of CSG ID

· It is not completely clear how proximity indication/CSG ID reporting works, but at least this function includes potential reading of CSG ID autonomously and checking of of CSG ID against CSG allowed list stored in UE. This functionality is not needed for basic connected mode mobility i.e. no PCI confusion. This could be under hybrid cell connected mode IOT bit, but it should be studied if this functionality should be divided to multiple functions..
2.2.3
PCI confusion resolution mechanism
· New PCI confusion resolution mechanism i.e. CGI reading request: It is unlikely that this feature is implemented in early NWs. Besides in REL8 we already have SON ANR which provides a working solution. So it is required to have separate bit for this feature. 
· After CGI reading request from the NW UE may utilize autonomous gaps for CGI reading. Additionally it is natural to allow UEs to implement in such a way that they could utilize multiple RFs or just utilizing DRX for CSG ID reading. So it is required to have UE capability bit for this functionality.  Additionally it would give NW valuable information whether UE is going to utilize autonomous gaps or not. 
· Then one could question if we need to separate functionality for intra/inter-frequency cases. For inter-frequency cases at least one could consider that reading CGI in DRX would be sufficient method as there is no immediate threat of losing service. But for intra-frequency cases this does not seem to apply, but on the other hand there has been quite strong debate if one could even make intra-frequency SIB reading working for uncoordinatedly deployed cells. Thus it is to be safest to also have a bit for intra-frequency CGI reading request/autonomous gap functionality. 
2.2.4
Separately indicate support for each positioning method requiring UE actions
· SBAS (Space Based Augmentation System) is a term for regional systems that consist of couple of satellites transmitting corrections to GNSS measurements in certain area, like WAAS in North America and EGNOS in Europe. However, in 3GPP context the indication of SBAS support has nothing to do with receiver's capability of receiving and using these corrections. Instead, it indicates the receiver's capability to use SBAS satellites in ranging i.e. measuring the SBAS satellite signal and using it among other satellites when calculating the position. So generally speaking SBAS could be considered as one additional GNSS which however has so few satellites that it cannot be used for positioning without one of those truly global systems, i.e. GPS, GLONASS, Galileo. Thus we do not see need to signal SBAS capabilities separately. 

· To our understanding basically the only real IOT problem could be the case when the initiator supports LPP but the other end does not. This can be overcome by these bits proposed below as support indication of any location method can be interpreted as support for LPP. Then, what happens if we have only UE-based and UE-assisted GNSS bits without any indication of the actual systems? If E-SMLC wants to be on the safe side it starts the session by capability exchange and gets the information it needs before sending position request and assistance data. If UE does not support the requested GNSS, it can take one step back and provide the capability information
· So we have considered at least three different possibilities to indicate UE capabilities regarding the positioning methods. Smallest considerable amount of UE capabilities to our understanding would be:
· UE assisted GNSS

· UE based GNSS

· Standalone GNSS (or just Standalone method)

· UE assisted OTDOA

· UE assisted E-CID

· As we will have capability negotiation in LPP, more information can be always obtained by that procedure if needed. However, to speed up emergency positioning we could have separate bits for GPS (covering both legacy and modernized signals) as it is for the time being the only fully usable satellite system available. So we could have:

· UE assisted GPS

· UE based GPS

· UE assisted other GNSS

· UE based other GNSS

· Standalone GNSS (or just Standalone method)

· UE assisted OTDOA

· UE assisted E-CID

· Or, if we want/can use more bits and don't want to favor any systems we could have several bits for positioning methods(at the moment, bit string would have values for GPS, Galileo, GLONASS, and perhaps QZSS):

· UE assisted GNSS (bit string (1..8))

· UE based GNSS (bit string (1..8))

· Standalone GNSS (or just Standalone method)

· UE assisted OTDOA

· UE assisted E-CID
2.2.5
Support of Enhanced Downlink Transmission for LTE 

· IOT/capability bit is required as it is unclear when NWs will have this feature implemented. For the feature one needs support for new reference signals and PDCCH formats from both UE and NW side , thus it seems that one has to have a bit to signal UE capabilities in this respect
2.2.6
Support of indication for each LTE SON function/measurement requiring UE involvement

· Additional RACH measurements
· As it is unclear when the SON RACH use case will be utilized in the NWs, it is required to have a IOT/capability bit for this feature – Especially considering if incorrectly implemented UEs are deployed the usability of SON would be severely impacted. 
2.2.7
Support of LTE MBMS 

· MBMS does not involve UL activity so it seems that IOT bit might be considered unnecessary. But in order for NW to have better statistic of UEs supporting MBMS service it is good to have this capability bit signaled. Additionally the eNB knowing that UE supporting/not supporting MBMS can exploit this by scheduling measurement gaps for non-MBMS UEs to overlap MBMSFN subframes. It should be noted that we have assumed MBMS being a optional feature for UEs.
2.2.8
Support of Vocoder Rate Adaptation 
· It seems unclear whether operators/NW will have REL9 feature ECN for QCI=1 bit enabled in initial deployments. As the eNB is handling the ECN bit setting it one requires that separate IOT/capability bit to avoid incorrect UE implementation to be deployed and making it difficult/impossible for NWs to utilize rate adaptation functionality in the system at later phase. 
2.2.9
Support of IMS emergency calls 
· It might be that some operators would like to have EC support as optional in the NW. So it is required to have EC under capability/IOT bit to ensure that all emergency call enabled UEs have are tested properly whenever NWs start deploying the EC service. But on the other hand the UE knows NW support in both Limited Service Mode (via SIB) and "normal" mode (via ATTACH/TAU). Thus UE will not initiate emergency call in a system that does not support it. Instead UE will either indicate CSFB in the connection establishment OR in idle not camp on EUTRAN not supporting LSM emergency calls. So it seems that no UE capability needs to be indicated to the NW
2.2.10
Support of CMAS
· CMAS does not involve UL activity so it seems that IOT bit might be considered unnecessary. But in order for NW to have better statistic of UEs supporting CMAS service it will be good to have this capability bit signaled to the NW. 
2.2.11
TEI9
· To our understanding new TEI9 feature should be considered to be under IOT bits when they are not seen as mandatory feature to make the system work and UE capability signalling should be considered when it benefits the system.
· UE specific RLF timers

· This seems to require a separate bit as it is unclear when NWs will have the feature implemented. And as this included dedicated signalling it is requiredto have UE capability signalled. Additionally if UE behaves incorrectly it could lead to increased RLFs due to too early/late RLF detection.
· CQI-ReportConfigExt

· This seems to require a separate bit as it is unclear when NWs will have the feature implemented. As this feature also required dedicated signalling it is required to have UE capability signalled. 
· Enhanced 1xCSFB  
· Optionality for this has already been agreed earlier in RAN2 and captured in 36.331.

2.3
List of proposed bits – NOT FINAL
	
	Definition
	Notes

	1 
	- MBMS
	

	2
	- IMS emergency calls support
	

	3
	- CMAS
	

	4
	- SON: RACH measurements
	

	5
	- Positioning: UE assisted GNSS
	FFS

	6
	- Positioning:UE based GNSS
	FFS

	7
	- Positioning:Standalone GNSS (or just Standalone method)
	FFS

	8
	- Positioning:UE assisted OTDOA
	FFS

	9
	- Positioning:UE assisted E-CID
	FFS

	10
	- Connected mode CSG mobility
	FFS is more optionality bits are required i.e. depending on the final solutions utilized for CSG handling

	11
	- Connected mode enhancements for hybrid cells
	FFS is more optionality bits are required i.e. depending on the final solutions utilized for CSG handling

	12
	- CGI request procedure – Intra-Frequency
	

	13
	- CGI request procedure – Inter-Frequency
	

	14
	- Autonomous gap utilization – Intra-Frequency
	

	15
	- Autonomous gap utilization – Inter-Frequency
	

	16
	- Enhanced Downlink Transmission for LTE
	

	17
	- Vocoder Rate Adaptation
	ECN support for QCI=1

	19
	- TEI9: UE specific RLF timers
	

	20
	- TEI9: CQI-ReportConfigExt
	


Table 2.3-1 – List of proposed bits to be sent to RAN#46

3
REL8 FGI handling

To our understanding one should continue utilizing all the FGI bits from REL8 which have not been deployed in several NWs prior the closing of REL9 ASN.1. Below we try to give analysis of our current view on REL8 FGIs
	Index of indicator (bit number)
	Definition

(description of the supported functionality, if indicator set to one)
	Notes
	Analysis

	1 (leftmost bit)
	- Intra-subframe frequency hopping for PUSCH scheduled by UL grant

- DCI format 3a (TPC commands for PUCCH and PUSCH with single bit power adjustments)

- Multi-user MIMO for PDSCH

- Aperiodic CQI/PMI/RI reporting on PUSCH: Mode 2-0 – UE selected subband CQI without PMI

- Aperiodic CQI/PMI/RI reporting on PUSCH: Mode 2-2 – UE selected subband CQI with multiple PMI
	
	The features are considered second order optimizations and  are unlikely to be implemented at least in early LTE deployments. So separate group.

Still needed as not widely utilized.


	2
	- Simultaneous CQI and ACK/NACK on PUCCH, i.e. PUCCH format 2a and 2b

- Absolute TPC command for PUSCH

- Resource allocation type 1 for PDSCH

- Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-0 – UE selected subband CQI without PMI

- Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-1 – UE selected subband CQI with single PMI
	
	The features are considered second order optimizations in some cases with questionable gains thus are unlikely to be implemented at least in early LTE deployments.

	3
	- Semi-persistent scheduling

- TTI bundling

- 5bit RLC UM SN

- 7bit PDCP SN
	- can only be set to 1 if the UE has set bit number 7 to 1.
	Still needed as feature is not widely utilized

	4
	- Short DRX cycle
	- can only be set to 1 if the UE has set bit number 5 to 1.
	Still needed as feature is not widely utilized

	5
	- Long DRX cycle

- DRX command MAC control element
	
	Still needed as feature is not widely utilized

	6
	- Prioritised bit rate
	
	Still needed as feature is not widely utilized

	7
	- RLC UM
	- can only be set to 0 if the UE does not support voice
	Still needed as feature is not widely utilized

	8
	- EUTRA RRC_CONNECTED to UTRA CELL_DCH PS handover
	- can only be set to 1 if the UE has set bit number 22 to 1
	Still needed as feature is not widely utilized

	9
	- EUTRA RRC_CONNECTED to GERAN GSM_Dedicated handover
	- related to SR-VCC

- can only be set to 1 if the UE has set bit number 23 to 1
	Still needed as feature is not widely utilized

	10
	- EUTRA RRC_CONNECTED to GERAN (Packet_) Idle by Cell Change Order

- EUTRA RRC_CONNECTED to GERAN (Packet_) Idle by Cell Change Order with NACC (Network Assisted Cell Change)
	
	Still needed as feature is not widely utilized

	11
	- EUTRA RRC_CONNECTED to CDMA2000 1xRTT CS Active handover
	- can only be set to 1 if the UE has sets bit number 24 to 1
	Still needed as feature is not widely utilized

	12
	- EUTRA RRC_CONNECTED to CDMA2000 HRPD Active handover
	- can only be set to 1 if the UE has set bit number 26 to 1
	Still needed as feature is not widely utilized

	13
	- Inter-frequency handover
	- can only be set to 1 if the UE has set bit number 25 to 1
	Still needed as feature is not widely utilized

	14
	- Measurement reporting event: Event A4 – Neighbour > threshold

- Measurement reporting event: Event A5 – Serving < threshold1 & Neighbour > threshold2
	
	Still needed as feature is not widely utilized

	15
	- Measurement reporting event: Event B1 – Neighbour > threshold
	- can only be set to 1 if the UE has set at least one of the bit number 22, 23, 24 or 26 to 1.
	Still needed as feature is not widely utilized

	16
	- Periodical measurement reporting for non-ANR related measurements
	
	Still needed as feature is not widely utilized

	17
	- Periodical measurement reporting for SON / ANR

- ANR related intra-frequency measurement reporting events
	- can only be set to 1 if the UE has set bit number 5 to 1.
	Still needed as feature is not widely utilized

	18
	- ANR related inter-frequency measurement reporting events
	- can only be set to 1 if the UE has set bit number 5 to 1.
	Still needed as feature is not widely utilized

	19
	- ANR related inter-RAT measurement reporting events
	- can only be set to 1 if the UE has set bit number 5 to 1.
	Still needed as feature is not widely utilized

	20
	If bit number 7 is set to ‘0’:

- SRB1 and SRB2 for DCCH + 8x AM DRB

If bit number 7 is set to ‘1’:
- SRB1 and SRB2 for DCCH + 8x AM DRB

- SRB1 and SRB2 for DCCH + 5x AM DRB + 3x UM DRB

NOTE: UE which indicate support for a DRB combination also support all subsets of the DRB combination. Therefore, release of DRB(s) never results in an unsupported DRB combination.


	- Regardless of what bit number 7 and bit number 20 is set to, UE shall support at least SRB1 and SRB2 for DCCH + 4x AM DRB
- Regardless of what bit number 20 is set to, if bit number 7 is set to ‘1’, UE shall support at least SRB1 and SRB2 for DCCH + 4x AM DRB + 1x UM DRB

	Still needed as feature is not widely utilized

	21
	- Predefined intra- and inter-subframe frequency hopping for PUSCH with N_sb > 1

- Predefined inter-subframe frequency hopping for PUSCH with N_sb > 1
	
	The use case for PUSCH frequency hopping with limited hopping frequency range was considered unclear and thus the limitation to the hopping frequency range was not considered as essential to the initial LTE deployments.

Still needed as feature is not widely utilized



	22
	- UTRAN measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	
	Still needed as feature is not widely utilized

	23
	- GERAN measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	
	Still needed as feature is not widely utilized

	24
	- 1xRTT measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	
	Still needed as feature is not widely utilized

	25
	- Inter-frequency measurements and reporting in E-UTRA connected mode 
	
	Still needed as feature is not widely utilized

	26
	- HRPD measurements, reporting and measurement reporting event B2 in E-UTRA connected mode
	
	Still needed as feature is not widely utilized

	27
	Undefined
	
	

	28
	Undefined
	
	

	29
	Undefined
	
	

	30
	Undefined
	
	

	31
	Undefined
	
	

	32
	Undefined
	
	


As seen from above it seems that there are no features in the FGI bits which have been widely used. So it seems that we need to continue utilizing all the bits from REL8 in REL9 as well.

Proposal: Continue utilizing all FGIs from REL8 in REL9

4
Proposal

Based on the discussion in the chapter 2 we propose following list of REL9 IOT bits:
	
	Definition
	Notes

	1 
	- MBMS
	

	2
	- IMS emergency calls support
	

	3
	- CMAS
	

	4
	- SON: RACH measurements
	

	5
	- Positioning: UE assisted GNSS
	FFS

	6
	- Positioning:UE based GNSS
	FFS

	7
	- Positioning:Standalone GNSS (or just Standalone method)
	FFS

	8
	- Positioning:UE assisted OTDOA
	FFS

	9
	- Positioning:UE assisted E-CID
	FFS

	10
	- Connected mode CSG mobility
	FFS if more optionality bits are required i.e. depending on the final solutions utilized for CSG handling

	11
	- Connected mode enhancements for hybrid cells
	FFS if more optionality bits are required i.e. depending on the final solutions utilized for CSG handling

	12
	- CGI request procedure – Intra-Frequency
	

	13
	- CGI request procedure – Inter-Frequency
	

	14
	- Autonomous gap utilization – Intra-Frequency
	

	15
	- Autonomous gap utilization – Inter-Frequency
	

	16
	- Enhanced Downlink Transmission for LTE
	

	17
	- Vocoder Rate Adaptation
	

	19
	- TEI9: UE specific RLF timers
	

	20
	- TEI9: CQI-ReportConfigExt
	


So we propose to indicate above mentioned list of feautures to RAN. Additionally we propose to keep REL8 FGIs as they are also in REL9.
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