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1 Introduction

New WID on “Further NB-IoT enhancement” was agreed at RAN#75 and revised at RAN#76 and RAN#77 [1]. One objective of this WID is the support for TDD in NB-IoT:

Support for TDD [RAN1, RAN2, RAN4]
Specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT. The design shall assume no UL compensation gaps are needed by UE, and strive towards a common design among the deployment modes. 

· Relaxations of MCL and/or latency and/or capacity targets to be considered by RAN1.

· Baseline is to support the same features as Rel-13 NB-IoT, additionally considering small-cells scenarios

· In addition to the baseline, support the following:

· Based on Rel-14 FDD designs:

· OTDOA positioning using Rel-14 NPRS RE patterns and sequences. Subframe configurations Part A and Part B shall be used with necessary amendments, if any.

· Non-anchor carrier operation for paging and random access

· UE category NB2, with the same TBS table as FDD, and support for 1 and 2 UL/DL HARQ processes. The support of 2 UL/DL HARQ processes by UE is an optional capability available to Cat NB2, i.e. same way as FDD.

· Non-anchor carrier operation for system information (MIB-NB and any SIB-NB) can be considered.

· Specify band specific requirements for band 41

The following agreements were made in RAN2#101 [2] and RAN2#101bis [3]:

	Agreements of RAN2#101:
· R2 assumes that the following timers are not extended for NB-TDD UEs: T322 and T-Reselection-NB. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· The Range of the following timers are extended for NB-TDD UEs: T300, T301 and T311. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· It is FFS if it shall be possible to configure T311 up to approximately 3 times the current max value, or whether the max T311 is 200s. 

· It is FFS if it shall be possible to configure T300 up to approximately 3 times the current max value

· It is FFS if T310 needs to be extended. 

· R2 assumes that NB-FDD TimeAlignmentTimer range is used for NB-TDD. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· R2 assumes that No extention is needed for Backoff Parameter, logicalChannelSR-ProhibitTimer, periodicBSR Timer and retxBSR-Timer. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· It is FFS whether ra-ResponseWindowSize should be extended, e.g. from 10.24sec to 15.36sec or 20.48 sec.

· It is FFS whether max value of mac-ContentionResolutionTimer should be extended, e.g. from 10.24sec to 15.36sec or 20.48 sec.

· It is FFS if T-PollRetransmit timer is extended for NB-TDD UEs. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· R2 Assumes T-Reordering is not extended for NB-TDD UEs. No updates are needed for the start and stop conditions, and actions that follow the timer expiry for these timers. Configuration is done using the legacy mechanism.

· It is FFS whether discardTimer value range should be updated.

· Whether SIB1-NB transmission is configured on the anchor carrier or a non-anchor carrier, SIB1-NB scheduling information is signalled in MIB-NB as in FDD mode.

· The information on the PRB location and eutra-NumCRS-Ports needs to be provided for the UE to receive SIB1-NB on an inband non-anchor carrier.

· Whether SIBs other than SIB1-NB are transmitted on the anchor carrier or a non-anchor carrier, scheduling parameters for SIBs (i.e. schedulingInfoList, si-WindowLength and si-RadioFrameOffset) are signalled in SIB1-NB as in FDD mode.

· It is FFS if the carrier frequency and for inband case indexToMidPRB, eutra-NumCRS-Ports and eutraControlRegionSize need to be indicated by SIB1-NB for the UEs to receive other SIBs on non-anchor carrier.

Agreements of RAN2#101bis:
· The FDD non-anchor carrier mechanism for paging and PRACH can be reused for TDD.

· For TDD PRACH procedure, the preamble and NPDCCH use the same carrier.

· Only one carrier list is provided. PRACH carrier and paging carrier selection use this one list. Each carrier can have PRACH and/or paging.

· T300 and T301 are extended to include 80s, 100s, 120s for TDD mode.

· Reuse the value range of T310 in FDD mode for TDD mode.

· T311 is extended to include 160s, and 200s for TDD mode.

· Reuse the value range of discardTimer in FDD mode for TDD mode.

· Extend T-PollRetransmit to 300s for TDD mode.

· Reuse the value range of DataInactivityTimer in FDD mode for TDD mode.

· ra-ResponseWindowSize and mac-ContentionResolutionTimer are extended for TDD mode.

· FFS if this is fixed to 20.48s or longer or configurable

· FFS If the concept of NPDCCH period is used and physical layer timing relationship is not changed for TDD mode, DRX timers are not extended for TDD mode

· For NB-TDD; RA-RNTI formula is based upon HSFN in addition to SFN to avoid any SFN wrap around issue.

· FFS RA-RNTI formula.

Regarding the proposal “At most 2 carriers are used for MIB/SIB1/other SIBs transmission”

· Needs further discussion


In the last RAN2#101bis, an email discussion was agreed to resolve FFSs on TDD mode in NB-IoT to progress the discussion for RAN2#102:

[101bis#23][NB-IoT R15] Resolve FFSs on TDD (Huawei)

Intention: To progress the discussion on NB-IoT TDD.

Intended outcome: Report to next meeting

Deadline:  Thursday 2018-05-03
This email discussion aims to discuss FFSs on NB-IoT TDD mode.
2 Discussion
Based on agreements of RAN2#101 and RAN2#101bis on TDD mode, the following FFSs need to be resolved:

Timer extension
· FFS if ra-ResponseWindowSize and mac-ContentionResolutionTimer are fixed 20.48s or longer or configurable.

· FFS if the concept of NPDCCH period is used and physical layer timing relationship is not changed for TDD mode, DRX timers are not extended for TDD mode.

RA-RNTI

· FFS RA-RNTI formula.
SI messages scheduling
· Which information are necessary for the UEs to receive SI messages on non-anchor carrier
· Whether at most 2 carriers are used for MIB/SIB1/other SIBs transmission needs more discussion.
Besides above FFSs, we think the RAN1 agreements related to the following aspects also need to be discussed:

· SIB1-NB scheduling
· Bitmap for invalid subframes

· 2-HARQ processes
Above issues will be discussed in the following sections.

2.1 Timer extension
In the last RAN2#101bis, most of the timer extension issues have been closed except for ra-ResponseWindowSize and mac-ContentionResolutionTimer. It has been agreed to extend these two timers, while the maximum values and how to extend are still FFS. 

Regarding the maximum values, in our view the key points are the UL:DL configuration and the use of downlink subframes on the anchor carrier. The UL:DL configuration table [4] and related RAN1 agreements [5] are listed as follows:
	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


· TDD UL:DL configuration 0 is not supported in TDD NB-IoT in Rel-15

· Working assumption: TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15

· For NPSS, NSSS and NPBCH transmission in TDD:

· NPSS is transmitted on subframe #5 in every radio frame

· NSSS is transmitted on subframe #0 in every even-numbered radio frame

· NPBCH is in subframe 9 in every radio frame on the same carrier as NPSS/NSSS.
Discussion point 1. Companies are invited to provide their views on the maximum extended values of ra-ResponseWindowSize and mac-ContentionResolutionTimer:
	Company name
	Comments

	Qualcomm
	Mac-ContentionResolutionTimer:

Given the contention resolution timer starts after MSG3 has been transmitted, then the bottleneck is the downlink. The worst downlink is provided by configuration 6 and with this it would take 6827ms for NPDCCH for MSG4 reception with 2048 repetitions but it is assumed this configuration is not supported in R15. The next worst downlink is configuration 1 and with this it would take 5120ms for NPDCCH for MSG4 reception with 2048 repetitions. This does not provide time for even one HARQ retransmission. Extending mac-ContentionResolutionTimer to 20.48s provides some headroom for HARQ retransmission.
Ra-ResponseWindowSize: Extend this to 20.48s because of similar reasons as for MAC-ContentionResolutionTimer.
Also, would be useful to have 1 spare value in case configuration 0 or 6 are used in the future.

	Huawei, HiSilicon
	Considering that configuration 0 (RAN1 agreement) and 6 (RAN1 working assumption) are not supported, configuration 1 has the least downlink subframes for NPDCCH transmission. If SIB1-NB is transmitted on the anchor carrier, one subframe in one radio frame can be used for downlink transmission in configuration 1. In this case, 2048 NPDCCH repetitions will take 20.48s.

Thus, we think 20.48s is enough for ra-ResponseWindowSize and mac-ContentionResolutionTimer.

	Ericsson
	In some extreme cases, 3 SFN cycles (3*10,24=30,72s) wrap around could be needed for NB-TDD.
However, it is essential to provide flexibility to have this timer configured by operator, as some operators may not expect to use TDD NB-IoT for extended coverage. That will also give possibility to configure max 10,24 s as FDD.
For NB-TDD, the timer would basically depend upon the TDD config that is selected and the expected coverage of an operator. The DL subframes vary depending upon the TDD configuration selected. Similarly, if NB devices are located in enhanced coverage, it will require more repetitions and require long time period, on the other hand if NB devices are located closer to base station, it may not need that many repetition and thus require less time. In such cases, it would be good to have this timer configurable.
Because of lack of DL subframes as compared to FDD and because of presence of high priority DL Sync and MIB/SIB/SI messages, it is essential to provide more flexibility. Similarly depending upon the TDD deployment, the timer values may need to be modified. In such cases, it is good to have configurable values for the timers.

	ZTE
	In NB-FDD, ra-ResponseWindowSize and mac-ContentionResolutionTimer are configured per different NPRACH repetition levels. This already can provide the eNB flexibility to configure different timer values for different coverage situations, e.g., to configure different values with unit of pp (PDCCH period). We think this scheme can be reused for NB-TDD. 
The selected TDD configurations determine the available resources for NB-TDD which may require a longer timer in TDD for a certain NPRACH repetition level than that in FDD for the same NPRACH repetition level. So we think the current configuration way can also reflect the impacts of TDD configuration. No further configuration flexibility is needed.

Then we mainly need to extend the fixed maximum values of these two timers. We agree with Qualcomm and Huawei that 20.48s is enough. 
After extension of maximum values, the granularity of the value with unit of pp may be further increased. We are open to this but think it may be not so necessary.

	
	

	
	

	
	

	
	

	
	


In current specification, the basic unit of these two timers is pp (PDCCH period) and the maximum values are fixed to 10.24s (equals to the length of one Hyper-System Frame) as follows:
	mac-ContentionResolutionTimer

Timer for contention resolution in TS 36.321 [6]. Value in PDCCH periods. Value pp1 corresponds to 1 PDCCH period, pp2 corresponds to 2 PDCCH periods and so on. The value considered by the UE is: mac-ContentionResolutionTimer = Min (signaled value x PDCCH period, 10.24s).

	……

	ra-ResponseWindowSize

Duration of the RA response window in TS 36.321 [6]. Value in PDCCH periods. Value pp2 corresponds to 2 PDDCH periods, pp3 corresponds to 3 PDCCH periods and so on. The value considered by the UE is: ra-ResponseWindowSize = Min (signaled value x PDCCH period, 10.24s).


According to the discussion in the last RAN2#101bis, there are 2 options for extension of ra-ResponseWindowSize and mac-ContentionResolutionTimer:
· Option 1: using fixed maximum value as legacy and updating the formula to Min (signaled value x PDCCH period, agreed value).

· Option 2: making the maximum value configurable.

Discussion point 2. Companies are invited to provide their views on how to extend ra-ResponseWindowSize and mac-ContentionResolutionTimer:
· Option 1

· Option 2

· Other

	Company name
	Answer
	Comments

	Qualcomm
	Option 1
	

	Huawei, HiSilicon
	Option 1
	We do not see the need to make the maximum values configurable. Thus, legacy way in Option 1 is preferred.

	Ericsson
	Option 2
	For NB-TDD, the timer would basically depend upon the TDD config that is selected and the expected coverage of an operator. The DL subframes vary depending upon the TDD configuration selected. Similarly, if NB devices are located in enhanced coverage, it will require more repetitions and require long time period, on the other hand if NB devices are located closer to base station, it may not need that many repetition and thus require less time. In such cases, it would be good to have this timer configurable.

	ZTE
	Option 1
	Agree with Huawei.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


For timers using pp (NPDCCH period) as basic unit, it is still FFS whether they need to be extended.

Discussion point 3. Companies are invited to provide their views on whether the timers using pp as basic unit need to be extended for TDD mode:
· Yes, why?
· No, why?

	Company name
	Answer
	Comments

	Qualcomm
	No
	The duration of one NPDCCH period will take into account the TDD frame structure (i.e. period between two consecutive k0) hence don’t see the need to further extend the timers.

	Huawei, HiSilicon
	No
	PDCCH period refers to the interval between the start of two consecutive PDCCH occasions which are defined by subframe k0. If this concept can still be used in TDD mode, we think there is no need to extend the timers defined with pp units.

There is no explicit agreement in RAN1 about PDCCH period. But we can assume this concept is implicitly assumed for TDD according to some RAN1 agreements, for example:

· Downlink scheduling delay is defined by 4 physical subframes + k0, and k0 is based on valid downlink subframes. The scheduling delay values in FDD NB-IoT are reused.

	Ericsson
	No
	The NPDCCH period is calculated in PDCCH subframes which basically only takes PDCCH subframes into account, thus the calculation is same as based upon FDD which should be ok for TDD.  

	ZTE
	No
	Generally agree with Ericsson’s comments.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.2 RA-RNTI
Since ra-ResponseWindowSize will be extended for TDD mode, it has been agreed to introduce HSFN into RA-RNTI calculation to avoid any SFN wrap around issue. The formula is still FFS. In Rel-14, the RA-RNTI formula is as follows:
RA-RNTI=1 + floor(SFN_id/4) + 256*carrier_id
carrier_id was introduced in Rel-14 for random access on non-anchor carrier due to the following agreement in RAN2#95bis [6]:

· Different (multiple) NPRACH resource (UL non-anchor carrier) might be associated with one DL carrier, and potentially with the same CSS_RA resource (still one NPRACH resource only refer to one DL carrier and one CSS_RA resource).
RA-RNTI is used to distinguish the RAR MAC PDU to the UEs using different NPRACH resources. If the UEs transmitting preamble on different NPRACH resources may receive RAR MAC PDU on the same downlink carrier, the uplink carrier information of the NPRACH resource is needed in RA-RNTI. In the last RAN2 meeting, we have agreed that for TDD PRACH procedure, the preamble and NPDCCH use the same carrier. In this case, carrier_id seems not needed in RA-RNTI formula in TDD mode.
Discussion point 4. Companies are invited to provide their views on whether carrier_id is still needed in RA-RNTI formula in TDD mode:
· Yes, why?

· No

	Company name
	Answer
	Comments

	Qualcomm
	No
	MSG1 and MSG2 carried by the same carrier hence no need to include carrier_id.

	Huawei, HiSilicon
	No
	We have agreed that the preamble transmission and corresponding RAR reception are always on the same carrier. In this case, carrier_id is not needed in the RA-RNTI formula.

	Ericsson
	No
	carrier_id can be removed based upon the agreement that for TDD PRACH procedure, the preamble and NPDCCH use the same carrier

	ZTE
	No
	Agree with above comments.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Regarding how to introduce H-SFN into the RA-RNTI calculation, there are 2 options on the table:

· Option 1 [7]: 
RA-RNTI=1 + floor(SFN_id/4) + 256*carrier_id + 4096*(H-SFN mod x)
where x depends on the agreed maximum value (e.g. 2 H-SFN) in discussion point 1.

· Option 2 [8]:
RA-RNTI=1 + floor ((SFN_id + 1024*mod(HSFN_id, sfnCycles))/4) + 256*sfnCycles*carrier_id
where sfnCycles is signalled in system information.

Note that in both options, it is assumed that carrier_id is still there.
Discussion point 5. Companies are invited to provide their views on which RA-RNTI formula is preferred:
· Option 1
· Option 2
· Other

	Company name
	Answer
	Comments

	Qualcomm
	Option 1
	Without carrier_id.
RA-RNTI=1 + floor(SFN_id/4) + 4096*(H-SFN mod x)

	Huawei, HiSilicon
	Option 1
	The main difference between Option 1 and 2 is the configurable parameter sfnCycles.
The benefit of uniform distribution of RA-RNTI is distributing the UEs using the same NPRACH resource to different values to reduce the interference among them. As a parameter configured by system information, sfnCycles is fixed within one modification period. The distributions of RA-RNTI provided by option 1 and 2 are the same in one modification period. From this point of view, we think Option 1 and 2 have the same performance on reducing interference.

We prefer option 1 as a simpler solution with no additional signalling. Since we think carrier_id is not needed, the formula is:

RA-RNTI=1 + floor(SFN_id/4) + 256* (H-SFN mod x)

	Ericsson
	Option 2
	As per the analysis done in [8] also shown below, using option 2 formula provides uniform distribution of RA-RNTI values. This helps in uniquely mapping the RA-RNTI to the subframes used by UE to send the preambles. 

For cases when 20.48s is desired for the MAC timers, the below formula can be used.

RA-RNTI= 1+ floor(SFN_id/4) + 256*mod(H-SFN,2)


	ZTE
	Option 1
	We also prefer the simple formula as:

RA-RNTI=1 + floor(SFN_id/4) + 256* (H-SFN mod x).

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Histogram plot of RA-RNTI values for SFN from 1 to 1024 and HSFN from 1 to 1024:

Using Option 2: RA-RNTI= 1+ floor(SFN_id/4) + 256*mod(H-SFN,2)
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Using Option 1: RA-RNTI=1 + floor(SFN_id/4) + 4096*(H-SFN mod 2)
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2.3 SI messages scheduling
RAN2 has agreed that the existing parameters in SIB1-NB used to schedule SI messages on the anchor carrier (i.e. schedulingInfoList, si-WindowLength and si-RadioFrameOffset) can also be used to schedule SI messages on a non-anchor carrier. Besides the scheduling information, information about the non-anchor carrier carrying the SI messages also needs to be signalled.
Discussion point 6. Companies are invited to provide their views on which information need to be signalled for the UE to receive SI messages on the non-anchor carrier, e.g. carrier information, bitmap, etc.:
	Company name
	Comments

	Qualcomm
	Non-anchor carrier information, including such things as valid DL/UL bitmap, control region.

	Huawei, HiSilicon
	If SI messages are transmitted on a standalone or guardband non-anchor carrier, the following information need to be signalled:

· carrier frequency information

· bitmap information

If SI messages are transmitted on an in-band non-anchor carrier reusing the same PCI as the EUTRA carrier, we think the following information need to be signalled:

· carrier frequency information

· bitmap information

· eutraControlRegionSize

· indexToMidPRB
If SI messages are transmitted on an in-band non-anchor carrier not reusing the same PCI as the EUTRA carrier, we think the following information need to be signalled:

· carrier frequency information

· bitmap information

· eutraControlRegionSize
· eutra-NumCRS-Ports

	Ericsson
	downlinkBitmapNonAnchor, eutraControlRegionSize, indexToMidPRB, eutra-NumCRS-Ports, Location of SIB1-NB message and SI message if the SIB1-NB is on non-anchor carrier or other SI messages are on another carrier not the same as SIB1-NB carrier. Operation mode related information is also needed for the case when the non-anchor can be guard band or standalone. Thus, in addition to the above parameters, other pointers would be needed to convey the position of the carrier as shown in ASN.1 example below and figure below.



	ZTE
	Generally non-anchor carrier information mentioned by Huawei would be needed for the UE to determine the frequency location when the SIB1-NB and other SI messages are scheduled on non-anchor carrier. 
As the scheduling information for SIB1-NB is in MIB-NB and there has very few spare bits in MIB-NB, simplified location information would be included in MIB-NB based on RAN1 inputs. For simplicity of signalling design, we think it can be considered to refer or re-use such non-anchor carrier location information format in MIB-NB for SIB1-NB transmission also for scheduling other SI messages on non-anchor carrier.

	
	

	
	

	
	

	
	

	
	


How to signal the information in Discussion point 6 also needs to be discussed. There was a proposal to restrict the system information transmission to up to 2 carriers in TDD mode, i.e. [9]:

· If SIB1-NB is transmitted on the anchor carrier, SI messages can be transmitted on a non-anchor carrier.

· If SIB1-NB is transmitted on a non-anchor carrier, SI messages can be transmitted on the same non-anchor carrier as SIB1-NB or on the anchor carrier.
There was discussion in the last RAN2 meeting but there was no consensus. This proposal also has impact on how to signal the information in Discussion point 6. Thus we think they can be discussed together. 
The RAN1 agreements related to system information transmission and scheduling are listed below for information:
In RAN1#90 [10]
· The transmission of SIB1-NB is FFS between:

· Always on the same NB-IoT carrier as NPSS/NSSS

· Always on a different NB-IoT carrier as NPSS/NSSS

· Can be on a different NB-IoT carrier as NPSS/NSSS

· Other SIBs than SIB1-NB can be transmitted on non-anchor carrier
In RAN1#90bis [5] 

· MIB-NB is transmitted on the same NB-IoT carrier as NPSS/NSSS.
· The single NB-IoT carrier for all the other SIBs than SIB1-NB, when not the anchor carrier, is:

· In a PRB indicated by SIB1-NB with exact signaling design left to RAN2 including whether to signal anything in case these other SIBs are on the anchor carrier

· It is supported that SIB1-NB is transmitted only on the anchor carrier

· In at least subframe #0 in odd frames

· It is supported that SIB1-NB can be transmitted on non-anchor carrier, FFS details

· It is necessary to consider SFN wraparound as part of FFS

In RAN1#91 [12]
· It is not supported that SIB1-NB is transmitted on both anchor and non-anchor carrier.

· At least for 16 repetitions for SIB1-NB transmission,

· Whether SIB1-NB transmitted on anchor carrier or non-anchor one is indicated by MIB-NB.

· When SIB1-NB is transmitted on non-anchor carrier, at least subframe #0 is used.

In RAN1#92 [13]
· The following pairings of anchor and non-anchor SIB1-NB transmissions are supported:

· In-band anchor + in-band non-anchor

· Guard-band anchor + guard-band non-anchor, FFS which guard-band combinations the signaling will permit

· Guard-band anchor + in-band non-anchor, at least for differentPCI (FFS for samePCI)

· Standalone anchor + standalone non-anchor

In RAN1#92bis [14]
· For non-anchor carrier transmission of SIB1-NB

· MIB-NB has 3 bits to indicate the number of repetitions/TBS

· MIB-NB has 1 bit to indicate the frequency domain location of SIB1-NB non-anchor carrier

· `For In-band anchor + in-band non-anchor, either the adjacent lower PRB relative to anchor PRB, or the adjacent higher PRB relative to anchor PRB
· FFS guard-band combinations
· For standalone+standalone, to indicate one of the 2 adjacent carriers relative to anchor carrier. FFS signaling of frequency offset of the carrier.

Discussion point 7. Companies are invited to provide their views on whether the system information transmission are restricted on up to 2 carriers. Considering that signalling design for SI messages scheduling w/o this restriction maybe different, companies are invited to provide ASN.1 example to show how to signal the information in discussion point 6 and the possible benefit:

· Yes, why and how to signal the information in discussion point 6?
· No, why and how to signal the information in discussion point 6?
	Company name
	Comments

	Qualcomm
	If SI transmission is restricted to at most two carriers then we think it makes sense to use the anchor carrier and one non-anchor carrier. The non-anchor carrier can be signalled in the same was as non-anchor carrier for SIB1-NB, i.e. adjacent lower or higher PRD relative to anchor PRB. We also think the SIs can be restricted to anchor carrier and one non-anchor carrier; the non-anchor carrier in this case should be same as that used for SIB1-NB (if SIB1-NB sent on non-anchor carrier).


	Huawei, HiSilicon
	Assuming we have the restriction, when SIB1-NB is transmitted on the anchor carrier, the information identified in Discussion point 6 for the carrier used for the other SIs still needs to be signalled in SIB1-NB according to the following RAN1 agreement:
· The single NB-IoT carrier for all the other SIBs than SIB1-NB, when not the anchor carrier, is:

· In a PRB indicated by SIB1-NB with exact signalling design left to RAN2 including whether to signal anything in case these other SIBs are on the anchor carrier

In this case, we think having the restriction does not simplify the signalling and the benefit on signalling overhead is limited at the cost of flexibility. Thus, we think this restriction should not be introduced.

The legacy structure DL-CarrierConfigCommon-NB-r14 can be re-used since all information in Discussion point 6 are included. We think the signalling in SIB1-NB could be:
SystemInformationBlockType1-NB message
-- ASN1STARTok thank you

……
SystemInformationBlockType1-NB-v1450 ::= SEQUENCE {


nrs-CRS-PowerOffset-v1450
ENUMERATED {dB-6,  dB-4dot77, dB-3,












dB-1dot77, dB0,       dB1,












dB1dot23,  dB2,       dB3,












dB4,       dB4dot23,  dB5,












dB6,       dB7,       dB8,












dB9}

OPTIONAL,
-- Cond inband-SamePCI-ExceptAnchor


nonCriticalExtension

SEQUENCE {}SystemInformationBlockType1-NB-v15xy




OPTIONAL
SystemInformationBlockType1-NB-v15xy ::= SEQUENCE {


si-CarrierConfig-tdd-r15
CHOICE {

useSIB1Carrier-r15              NULL,

explicitCarrier-r15             DL-CarrierConfigCommon-NB-r14
}        OPTIONAL
-- Cond TDD

}
……
-- ASN1STOP
SystemInformationBlockType1-NB field descriptions
si-CarrierConfig-tdd
Provides the configuration of the non-anchor carrier used for SI message transmission for TDD.
Conditional presence

Explanation

TDD

This field is optionally present, Need OR, for TDD. Otherwise the field is not present.



	Ericsson
	Yes, we agree to restrict the SI information scheduling for up to 2 carriers else it will require more bits to convey the location if there are more possibilities/carriers. 

In order to inform UE about where SI message is located can be indicated in SIB1-NB message as below. 
If the information is not present, UE should assume the SI messages are transmitted on the same carrier as SIB1-NB.

For UE to be able to locate the SIB1-NB non-anchor carrier which might be located on the other end of the LTE band, the inband bandwidth in number of PRBs needs to be included in the Operation Mode Info for guard-band mode. The numerated numbers of inband-bandwidth should include 25, 50, 75 and 100 in PRBs, corresponding to 5, 10, 15 and 20 MHz LTE system bandwidth respectively. 

SystemInformationBlockType1-NB message
-- ASN1START

SystemInformationBlockType1-NB ::=
SEQUENCE {


hyperSFN-MSB-r13




BIT STRING (SIZE (8)),


cellAccessRelatedInfo-r13


SEQUENCE {



plmn-IdentityList-r13



PLMN-IdentityList-NB-r13,



trackingAreaCode-r13



TrackingAreaCode,



cellIdentity-r13




CellIdentity,



cellBarred-r13





ENUMERATED {barred, notBarred},



intraFreqReselection-r13


ENUMERATED {allowed, notAllowed}


},


cellSelectionInfo-r13



SEQUENCE {



q-RxLevMin-r13





Q-RxLevMin,



q-QualMin-r13





Q-QualMin-r9


},


p-Max-r13






P-Max




OPTIONAL,
-- Need OP


freqBandIndicator-r13



FreqBandIndicator-NB-r13,


freqBandInfo-r13




NS-PmaxList-NB-r13



OPTIONAL,
-- Need OR


multiBandInfoList-r13



MultiBandInfoList-NB-r13

OPTIONAL,
-- Need OR


downlinkBitmap-r13




DL-Bitmap-NB-r13 



OPTIONAL,
-- Need OP,



eutraControlRegionSize-r13


ENUMERATED {n1, n2, n3}


OPTIONAL,
-- Cond inband


nrs-CRS-PowerOffset-r13



ENUMERATED {dB-6,      dB-4dot77, dB-3,














dB-1dot77, dB0,       dB1,














dB1dot23,  dB2,       dB3,














dB4,       dB4dot23,  dB5,














dB6,       dB7,       dB8,














dB9}

OPTIONAL,
-- Cond inband-SamePCI


schedulingInfoList-r13



SchedulingInfoList-NB-r13,


si-WindowLength-r13




ENUMERATED {ms160,  ms320,  ms480,
ms640, 














ms960,
ms1280, ms1600, spare1},


si-RadioFrameOffset-r13



INTEGER (1..15)

OPTIONAL,
-- Need OP 


systemInfoValueTagList-r13


SystemInfoValueTagList-NB-r13
OPTIONAL,
-- Need OR


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


nonCriticalExtension



SystemInformationBlockType1-NB-v1350
OPTIONAL

}

SystemInformationBlockType1-NB-v1350 ::=
SEQUENCE {


cellSelectionInfo-v1350



CellSelectionInfo-NB-v1350
OPTIONAL, 
-- Cond Qrxlevmin


nonCriticalExtension



SystemInformationBlockType1-NB-v1430
OPTIONAL

}

SystemInformationBlockType1-NB-v1430 ::=
SEQUENCE {


cellSelectionInfo-v1430



CellSelectionInfo-NB-v1430

OPTIONAL, 
-- Need OR


nonCriticalExtension



SystemInformationBlockType1-NB-v15xy





OPTIONAL

}

SystemInformationBlockType1-NB-v15xy ::=     SEQUENCE {
 locationInfoSI-NB-r15     LocationInfoSI-NB-r15        OPTIONAL,-- Need OR

nonCriticalExtension  SEQUENCE {}                                      OPTIONAL

}

PLMN-IdentityList-NB-r13 ::=

SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-IdentityInfo-NB-r13

PLMN-IdentityInfo-NB-r13 ::=

SEQUENCE {


plmn-Identity-r13





PLMN-Identity,


cellReservedForOperatorUse-r13


ENUMERATED {reserved, notReserved},


attachWithoutPDN-Connectivity-r13

ENUMERATED {true}
OPTIONAL
-- Need OP

}

SchedulingInfoList-NB-r13 ::= SEQUENCE (SIZE (1..maxSI-Message-NB-r13)) OF SchedulingInfo-NB-r13

SchedulingInfo-NB-r13::=

SEQUENCE {


si-Periodicity-r13



ENUMERATED {rf64, rf128, rf256, rf512,













rf1024, rf2048, rf4096, spare},


si-RepetitionPattern-r13

ENUMERATED {every2ndRF, every4thRF, every8thRF, every16thRF},


sib-MappingInfo-r13



SIB-MappingInfo-NB-r13,


si-TB-r13





ENUMERATED {b56, b120, b208, b256, b328, b440, b552, b680}

}

SystemInfoValueTagList-NB-r13 ::= 
SEQUENCE (SIZE (1.. maxSI-Message-NB-r13)) OF











SystemInfoValueTagSI-r13

SIB-MappingInfo-NB-r13 ::= 


SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-Type-NB-r13

SIB-Type-NB-r13 ::=




ENUMERATED {











sibType3-NB-r13, sibType4-NB-r13, sibType5-NB-r13, 











sibType14-NB-r13, sibType16-NB-r13, sibType15-NB-r14,











sibType20-NB-r14, sibType22-NB-r14}

CellSelectionInfo-NB-v1350 ::=

SEQUENCE {


delta-RxLevMin-v1350



INTEGER (-8..-1)

}

CellSelectionInfo-NB-v1430 ::=

SEQUENCE {


powerClass14dBm-Offset-r14


ENUMERATED {dB-6, dB-3, dB3, dB6, dB9, dB12}
OPTIONAL,
--
Need OP


ce-authorisationOffset-r14


ENUMERATED {dB5, dB10, dB15, dB20, dB25, dB30, dB35}
OPTIONAL
--
Need OP

}

LocationInfoSI-NB-r15::=

SEQUENCE {


si-NB-mode-tdd                ENUMERATED {anchor, non-anchor},

inband-bandwidth-tdd            ENUMERATED {n25, n50, n75, n100},

si-NB-position-tdd            ENUMERATED {lower_freq, higher_freq},

si-NB-prbInfo-tdd    


ENUMERATED {first-prb, second-prb},

}



	ZTE
	Yes, we also agree that the system information transmission are restricted on up to 2 carriers with the following reasons:
1. We agree with Huawei that the information identified in Discussion point 6 for the non-anchor carrier used for other SIs transmission still needs to be signalled in SIB1-NB when SIB1-NB is transmitted on the anchor carrier. But such information could be omitted in SIB1-NB if SIB1-NB is already scheduled on a non-anchor carrier. UE will use information in MIB-NB to locate the SIB1-NB. Then UE will further detect other SIs on this non-anchor carrier. No additional non-anchor carrier location information in SIB1-NB is needed. Only if there has no non-anchor carrier location information in MIB-NB for SIB1-NB transmission (SIB1-NB is also on anchor carrier), the non-anchor carrier location information used for other SIs transmission would be needed in SIB1-NB.
2. The UE power consumption caused by hopping/retuning between different non-anchor carriers for receiving SIB1 and other SIs would be saved.

3. In the case that two carriers are used for SIB/SIs transmission, each carrier for SIB/SIs transmission may have a bit more resources for other DL transmission, but two non-anchor carriers are occupied. And other DL transmission collision handling should be considered for these two non-anchor carriers, e.g, the paging in both of these two non-anchor carriers may be delayed. In the case of only one carrier used for SIB/SIs transmission, it would be easy to consider not to configure this carrier for paging.
As mentioned in comments for Discussion Point 6, generally we agree with Qualcomm and Ericsson that the simplified non-anchor carrier location information in MIB-NB can also be reused in the scheduling information for other SI messages in SIB1-NB.

	
	

	
	

	
	

	
	

	
	


2.4 Other RAN1 agreements

2.4.1 SIB1-NB scheduling

According to RAN1 agreements, for repetition number of 8 and 16, SIB1-NB can be transmitted on a non-anchor carrier. For SIB1-NB transmission on non-anchor carrier, there are the following RAN1 agreements for SIB1-NB scheduling:
· Whether SIB1-NB transmitted on anchor carrier or non-anchor one is indicated by MIB-NB.

· MIB-NB has 3 bits to indicate the number of repetitions/TBS

· MIB-NB has 1 bit to indicate the frequency domain location of SIB1-NB non-anchor carrier

· For In-band anchor + in-band non-anchor, either the adjacent lower PRB relative to anchor PRB, or the adjacent higher PRB relative to anchor PRB

· FFS guard-band combinations

· For standalone+standalone, to indicate one of the 2 adjacent carriers relative to anchor carrier. FFS signaling of frequency offset of the carrier.

Discussion point 8. Companies are invited to provide their views on how to signal the scheduling information agreed by RAN1 for SIB1-NB transmission on non-anchor carrier. Companies are invited to provide ASN.1 example.

	Company name
	Comments

	Qualcomm
	Assume all TDD carriers have same configuration.

Example TDD MIB-NB coding.
MasterInformationBlockTDD-NB ::= SEQUENCE { 

systemFrameNumber-MSB-r15 BIT STRING (SIZE (4)), 

hyperSFN-LSB-r15 BIT STRING (SIZE (2)), 
schedulingInfoSIB1-r15 INTEGER (0..7).
systemInfoValueTag-r15 INTEGER (0..31), 

ab-Enabled-r15 BOOLEAN, 
InfoSIB1-carrier-r15 CHOICE {

inband-AnchorCarrierSIB1-r15 Inband-AnchorOperationModeInfo-r15,
inband-NonAnchorCarrierSIB1-r15 Inband-NonAnchorOperationModeInfo-r15,
FFS guardband and standalone.
}, 

Inband-AnchorOperationModeInfo-r15 CHOICE { 

inband-SamePCI-r13 Inband-SamePCI-NB-r13, 

inband-DifferentPCI-r13 Inband-DifferentPCI-NB-r13
}, 
Inband-NonAnchorOperationModeInfo-r15 {

inband-AnchorCarrierSIB1-r15 Inband-AnchorOperationModeInfo-r15,
non-AnchorCarrierPRB ENUMERATED {lower, upper}

}
spare BIT STRING (SIZE (TBD)) 

}

	Huawei, HiSilicon
	According to RAN1 agreements and parameters list for TDD, we think the signalling of MIB-NB for TDD mode could be as follows:

MasterInformationBlock-NB
-- ASN1START

MasterInformationBlock-NB ::=
SEQUENCE {


systemFrameNumber-MSB-r13

BIT STRING (SIZE (4)),


hyperSFN-LSB-r13



BIT STRING (SIZE (2)),


schedulingInfoSIB1-r13


INTEGER (0..15),


systemInfoValueTag-r13


INTEGER (0..31),


ab-Enabled-r13




BOOLEAN,


operationModeInfo-r13


CHOICE {



inband-SamePCI-r13



Inband-SamePCI-NB-r13,



inband-DifferentPCI-r13


Inband-DifferentPCI-NB-r13,



guardband-r13




Guardband-NB-r13,



standalone-r13




Standalone-NB-r13


},
freqInfoSIB1-r15                   ENUMERATED {anchor, higher, lower},

spare






BIT STRING (SIZE (911))
}

……

-- ASN1STOP

MasterInformationBlock-NB field descriptions
freqInfoSIB1
TDD only: Indicates the carrier for SIB1-NB transmission.

Value anchor corresponds to the anchor carrier.

Value higher corresponds to the adjacent higher carrier of the anchor carrier. Value lower corresponds to the adjacent lower carrier of the anchor carrier.
schedulingInfoSIB1

For FDD: This field contains an index to a table specified in TS 36.213 [23, Table 16.4.1.3-3] that defines SystemInformationBlockType1-NB scheduling information.
For TDD: This field contains an index to a table specified in TS 36.213 [23, Table FFS] that defines SystemInformationBlockType1-NB scheduling information.


	Ericsson
	SIB1-NB can be transmitted in anchor or non-anchor carrier. This information needs to be provided to the UE. Depending upon the Operation mode, there will be need for additional information needed to convey this.

Furthermore, RAN1 continues the discussion of the guard-band combinations, and one possibility is to have anchor in the guard-band, but the non-anchor in in band. In this case, the information in Discussion point 6 should also be provided. But this depends on the outcome of RAN1 discussion. 

In the guard-band operation mode, for UE to be able to locate the SIB1-NB non-anchor carrier which might be located on the other end of the LTE band, the inband bandwidth in number of PRBs needs to be included in the Operation Mode Info for guard-band mode. The numerated numbers of inband-bandwidth should include 25, 50, 75 and 100 in PRBs, corresponding to 5, 10, 15 and 20 MHz LTE system bandwidth respectively. 

-- ASN1START

MasterInformationBlock-NB ::=
SEQUENCE {


systemFrameNumber-MSB-r13

BIT STRING (SIZE (4)),


hyperSFN-LSB-r13



BIT STRING (SIZE (2)),


schedulingInfoSIB1-r13


INTEGER (0..15),


systemInfoValueTag-r13


INTEGER (0..31),


ab-Enabled-r13




BOOLEAN,
    sib1-NB-mode-tdd                ENUMERATED {anchor, non-anchor},

operationModeInfo-r13


CHOICE {



inband-SamePCI-r13



Inband-SamePCI-NB-r13,



inband-DifferentPCI-r13


Inband-DifferentPCI-NB-r13,



guardband-r13




Guardband-NB-r13,



standalone-r13




Standalone-NB-r13


},


spare






BIT STRING (SIZE (9))

}

ChannelRasterOffset-NB-r13 ::= ENUMERATED {khz-7dot5, khz-2dot5, khz2dot5, khz7dot5}

Guardband-NB-r13 ::=


SEQUENCE {


rasterOffset-r13



ChannelRasterOffset-NB-r13,

inband-bandwidth-tdd            ENUMERATED {n25, n50, n75, n100},

sib1-NB-position-tdd            ENUMERATED {lower_freq, higher_freq},
sib1-NB-prbInfo-tdd    


ENUMERATED {first-prb, second-prb},
}

Inband-SamePCI-NB-r13 ::=

SEQUENCE {


eutra-CRS-SequenceInfo-r13

INTEGER (0..31)
sib1-NB-position-tdd            ENUMERATED {lower_freq, higher_freq},
}

Inband-DifferentPCI-NB-r13 ::=
SEQUENCE {


eutra-NumCRS-Ports-r13


ENUMERATED {same, four},


rasterOffset-r13



ChannelRasterOffset-NB-r13,
sib1-NB-position-tdd            ENUMERATED {lower_freq, higher_freq},

spare






BIT STRING (SIZE (2))

}

Standalone-NB-r13 ::=


SEQUENCE {
sib1-NB-position-tdd            ENUMERATED {lower_freq, higher_freq},
    sib1-NB-offsetStandalone-tdd    INTEGER (1..16)


spare






BIT STRING (SIZE (1))

}
-- ASN1STOP
sib1-NB-offsetStandalone-tdd: For standalone, SIB1-NB non-anchor carriers can always be specified with a relative frequency offset to the anchor carrier. 4 bits are used to indicate the absolute value of the SIB1-NB carrier frequency offset in PRBs to the anchor carrier. 

Below is some example of how sib1-NB-position-tdd and sib1-NB-prbinfo-tdd are used.


	ZTE
	Firstly, we think all the parameters in current MIB-NB can be used for NB-TDD, so we can just extend the current MIB-NB for providing the additional information. It may be not necessary to introduce new MIB for TDD. 

Based on RAN1 agreements, only 3 bits are needed for indicating the number of repetitions/TBS (this is indicated by field schedulingInfoSIB1). In current MIB-NB, there has 4 bits for this field. We think it’s not so critical to save this 1 bit for TDD. Then the modification for schedulingInfoSIB1 proposed by Huawei can be acceptable.
In current MIB-NB there already has operation mode information for anchor carrier. If SIB1-NB/SIs are scheduled on a non-anchor carrier, based on RAN1 agreements, some additional information should be provided according to different locations of the non-anchor carrier. Basically, a 1bit to indicate whether or not SIB1-NB/SIs are on non-anchor carrier would be needed. Also extension for operationModeInfo would be needed. E.g.:
· Based on RAN1 agreements, when anchor carrier is guardband, the extension for the case of in-band non-anchor carrier for SIB and the case of guardband non-anchor carrier for SIB should be considered. The details still need RAN1 inputs.

· When anchor carrier is inband-SamePCI or inband-DifferentPCI, for in-band non-anchor carrier for SIB, only indication of one of the 2 adjacent carriers relative to anchor carrier would be needed.

· When anchor carrier is standalone, for standalone non-anchor carrier for SIB, indication of one of the 2 adjacent carriers relative to anchor carrier is also needed. For frequency offset, we think it’s enough for RAN1 to decide a fixed value and no additional RRC signaling field is needed.
With reference to the above comments, we think 1 bits may be needed for extension of operationModeInfo. An example is as following which is similar as that proposed by Ericsson:
-- ASN1START

MasterInformationBlock-NB ::=
SEQUENCE {


systemFrameNumber-MSB-r13

BIT STRING (SIZE (4)),


hyperSFN-LSB-r13



BIT STRING (SIZE (2)),


schedulingInfoSIB1-r13


INTEGER (0..15),


systemInfoValueTag-r13


INTEGER (0..31),


ab-Enabled-r13




BOOLEAN,
  
operationModeInfo-r13


CHOICE {



inband-SamePCI-r13



Inband-SamePCI-NB-r13,



inband-DifferentPCI-r13


Inband-DifferentPCI-NB-r13,



guardband-r13




Guardband-NB-r13,



standalone-r13




Standalone-NB-r13


},
     non-anchorCarrierSIB      ENUMERATED {true}
OPTIONAL,
-- Need OR,

spare






BIT STRING (SIZE (9))

}

ChannelRasterOffset-NB-r13 ::= ENUMERATED {khz-7dot5, khz-2dot5, khz2dot5, khz7dot5}

Guardband-NB-r13 ::=


SEQUENCE {


rasterOffset-r13



ChannelRasterOffset-NB-r13,
     carrierLocationSIB     ENUMERATED {lower_freq, higher_freq}

OPTIONAL,
-- Cond non-anchorCarrierSIB 

/*FFS others based on RAN1 inputs */ OPTIONAL,
-- Cond non-anchorCarrierSIB

spare






BIT STRING (SIZE (TBD))

}

Inband-SamePCI-NB-r13 ::=

SEQUENCE {


eutra-CRS-SequenceInfo-r13

INTEGER (0..31),
carrierLocationSIB     ENUMERATED {lower_freq, higher_freq}

OPTIONAL,
-- Cond non-anchorCarrierSIB
}

Inband-DifferentPCI-NB-r13 ::=
SEQUENCE {


eutra-NumCRS-Ports-r13


ENUMERATED {same, four},OK

rasterOffset-r13



ChannelRasterOffset-NB-r13,


carrierLocationSIB     ENUMERATED {lower_freq, higher_freq}

OPTIONAL,
-- Cond non-anchorCarrierSIB 
spare






BIT STRING (SIZE (2))

}

Standalone-NB-r13 ::=


SEQUENCE {


carrierLocationSIB     ENUMERATED {lower_freq, higher_freq}

OPTIONAL,
-- Cond non-anchorCarrierSIB 
spare






BIT STRING (SIZE (5))

}
-- ASN1STOP
non-anchorCarrierSIB 

This parameter specifies whether SIB1-NB and other SI messages are transmitted on a non-anchor carrier.
Conditional presence

Explanation

non-anchorCarrierSIB
The field is mandatory present if IE non-anchorCarrierSIB in MIB-NB is present. Otherwise the field is not present.


	
	

	
	

	
	

	
	

	
	



[image: image3.emf]0 1 47 48 49 50 51 52 98 99

20 MHz (100 PRBs)

46 53 -2 -1 -4

Guard band

-5 -3 103 104 101

Guard band

100 102

SIB non-

anchor

SIB Non-

anchor

Anchor

0 1 47 48 49 50 51 52 98 99

20 MHz (100 PRBs)

46 53 -2 -1 -4

Guard band

-5 -3 103 104 101

Guard band

100 102

SIB non-

anchor

 Anchor

SIB Non-

anchor

Anchor

0 1 47 48 49 50 51 52 98 99

20 MHz (100 PRBs)

46 53 -2 -1 -4

Guard band

-5 -3 103 104 101

Guard band

100 102

SIB non-

anchor

 Anchor

SIB Non-

anchor

Anchor

Deployment example (A), one anchor carrier, mirror SIB1-NB non-anchor

Deployment example (B), two anchor carrier, mirror SIB1-NB non-anchor

Deployment example (C), two anchor carrier, back-to-back SIB1-NB non-anchor

SIB1-NB-Position-TDD =  higer_Frequen

SIB1-NB-PRBINFO-TDD = First PRB

SIB1-NB-Position-TDD =  Lower_Frequen

SIB1-NB-PRBINFO-TDD = First PRB

SIB1-NB-Position-TDD =  higer_Frequn

SIB1-NB-PRBINFO-TDD = Second PRB

SIB1-NB-Position-TDD =  Lower_Frequen

SIB1-NB-PRBINFO-TDD = First PRB

SIB1-NB-Position-TDD =  Higher_Frequen

SIB1-NB-PRBINFO-TDD = First PRB


2.4.2 Bitmap for invalid subframes
According to RAN1 agreements, a bitmap to indicate whether the DL/UL/special subframes are valid or not is needed. For guard-band and standalone operation modes, the length of the bitmap is10ms. For in-band operation mode, the length of the bitmap can be to 10ms or 40ms. Whether 80ms length is supported for in-band operation mode is still FFS.

In FDD mode, there is only a bitmap for the downlink carrier to indicate which downlink subframes are valid or not, i.e. downlinkBitmap-r13 in SIB1-NB for the anchor carrier and downlinkBitmapNonAnchor-13/14 in IEs DL-CarrierConfigCommon-NB and CarrierConfigDedicated-NB for non-anchor carriers.
Discussion point 9. Companies are invited to provide their views on how to signal the bitmap for invalid subframes for anchor carrier and non-anchor carriers. Companies are invited to provide ASN.1 example.
	Company name
	Comments

	Qualcomm
	Use similar approach to eMTC:
tdd-SubframeBitmapNB-r15 CHOICE { 


tdd-subframePattern10-r15 BIT STRING (SIZE (10)), 


tdd-subframePattern40-r15 BIT STRING (SIZE (40)) 

}

	Huawei, HiSilicon
	We think the existing parameters for FDD DL bitmap can be re-used to indicate whether DL/UL/special subframes are valid or not in TDD mode, i.e.

· downlinkBitmap-r13 in SIB1-NB
· downlinkBitmapNonAnchor-13 in IE CarrierConfigDedicated-NB
· downlinkBitmapNonAnchor-14 in IE DL-CarrierConfigCommon-NB 

Update to the field description is needed, for example, in SIB1-NB:

downlinkBitmap

For FDD: NB-IoT downlink subframe configuration for downlink transmission. For TDD: NB-IoT downlink, uplink and special subframes configuration for transmission. If the bitmap is not present, the UE shall assume that all subframes are valid (except for subframes carrying NPSS/NSSS/NPBCH/SIB1-NB) as specified in TS 36.213 [23, 16.4].



	Ericsson
	In our point of view, we can define one IE, e.g., validsubframeBitmap to indicate DL/UL/special subframes are valid or not. The length of the bitmap should be as indicated in the RAN1 agreement, i.e., for guard-band and standalone operation modes, the length of the bitmap is10ms, and for standalone operation mode, the length of the bitmap can be to 10ms or 40ms

	ZTE
	We have sympathy with Huawei‘s comments

	
	

	
	

	
	

	
	

	
	


2.4.3 2-HARQ processes
According to RAN1 agreements, the support of 2-HARQ processes is optional at the UE with capability reporting to the eNB in TDD mode. In FDD mode, the parameter twoHARQ-Processes-r14 in the IE UE-Capability-NB is used to report the support of 2-HARQ processes to the eNB and the parameter twoHARQ-ProcessesConfig-r14 in IE PhysicalConfigDedicated-NB is used to enable the use 2-HARQ processes to the UE.
Discussion point 10. Companies are invited to provide their views on how to report the support of 2-HARQ processes to the eNB and how to enable the use of 2-HARQ processes to the UE:

	Company name
	Comments

	Qualcomm
	Have TDD capability such as tdd-twoHARQ-Processes-r15.
For UE configuration it should be possible to use the existing signalling.

	Huawei, HiSilicon
	For the capability, we think a new capability twoHARQ-Processes-tdd-r15 for TDD mode is needed in the IE UE-Capability-NB as the UE may only support 2-HARQ processes either in FDD mode or in TDD mode.

For the configuration, since the network can only work in either FDD mode or TDD mode at the same time, we think the same parameter twoHARQ-ProcessesConfig-r14 in the IE PhysicalConfigDedicated-NB as in FDD mode can be reused.

	Ericsson
	Same as FDD. 

	ZTE
	We also prefer a new capability twoHARQ-Processes-tdd-r15.

	
	

	
	

	
	

	
	

	
	


In Rel-14, for 2-HARQ processes in FDD mode, according the following NOTE in TS36.321, DL and UL transmissions will not be scheduled in parallel.
NOTE:
For NB-IoT DL and UL transmissions will not be scheduled in parallel, i.e. if a DL transmission has been scheduled an UL transmission will not be scheduled until HARQ RTT Timer of the DL HARQ process has expired (and vice versa).
However, RAN1 has agreed that in TDD mode the UL transmission and DL transmission can be scheduled in parallel:

· A 2-HARQ capable UE configured with 2 HARQ processes can be scheduled to transmit in UL subframes that occur during a DL reception, and receive in DL subframes that occur during a UL transmission.

This RAN1 agreement may have impact on MAC specification which needs to be discussed in RAN2, e.g. start/stop conditions of DRX timers.
Discussion point 11. Companies are invited to provide their views on whether there is any impact on MAC specification due to UL and DL transmissions in parallel.

	Company name
	Comments

	Qualcomm
	Don’t think there is impact on MAC specification for interlaced 2-HARQ operation.

	Huawei, HiSilicon
	Except for the NOTE above which is not applicable to TDD mode, we have not foreseen other impact on MAC specification.

	ZTE
	Agree with Huawei.

	
	

	
	

	
	

	
	

	
	


2.5 Other

Please indicate any other related RAN2 aspects not covered in this document for TDD remaining issues.
	Company name
	Comments

	Qualcomm
	Have IoT bit for interlace operation with 2-HARQ process.

	Ericsson
	RLC Buffer size (Should it be same as FDD or should the buffer size be larger for TDD)

	
	

	
	

	
	

	
	

	
	

	
	


3 Summary 

Four companies contributed to the e-mail discussion: Qualcomm, Huawei/HiSilicon, Ericsson and ZTE.
Discussion point 1: The maximum extended values of ra-ResponseWindowSize and mac-ContentionResolutionTimer.
· 3 companies think that these 2 timers should be extended to 20.48s.
· One company thinks that these 2 timers should be extended to 30.72s.
Proposal 1: ra-ResponseWindowSize and mac-ContentionResolutionTimer are extended to 20.48s.

Discussion point 2: How to extend ra-ResponseWindowSize and mac-ContentionResolutionTimer.

· 3 companies prefer to use fixed value as legacy.

· One company thinks that the maximum value should be configurable.
Proposal 2: For TDD mode, the value of ra-ResponseWindowSize and mac-ContentionResolutionTimer considered by the UE is Min (signaled value x PDCCH period, 20.48s).
Discussion point 3: Whether to extend the other timers using pp as basic unit.
· All companies think there is no need to extend other timers defined with pp units.
Proposal 3: Reuse the value range of timers defined with pp units in FDD mode for TDD mode, except for ra-ResponseWindowSize and mac-ContentionResolutionTimer.

Discussion point 4: Whether carrier_id is still needed in RA-RNTI formula in TDD mode.

· All companies think that carrier_id is not needed in RA-RNTI formula in TDD mode.
Proposal 4: carrier_id is not needed in RA-RNTI formula in TDD mode.
Discussion point 5: RA-RNTI formula to introduce H-SFN.
· 3 companies prefer: RA-RNTI=1 + floor(SFN_id/4) + 256*(H-SFN mod x)
· One company prefers: RA-RNTI= 1+ floor(SFN_id/4) + 256*mod(H-SFN, x)
Based on proposal 4, if the maximum value of ra-ResponseWindowSize is 20.48s, the value x in the formula equals to 2.
Proposal 5: RA-RNTI= 1 + floor(SFN_id/4) + 256*(H-SFN mod 2) in TDD mode.

Discussion point 6: Which information need to be signalled for the UE to receive SI messages on the non-anchor carrier.
· All companies think the following information need to be signalled, explicitly or implicitly:

· carrier frequency information

· bitmap information
· eutraControlRegionSize for in-band non-anchor carrier
· indexToMidPRB for in-band same PCI case
· eutra-NumCRS-Ports for in-band different PCI case

Proposal 6: The following information need to be signalled explicitly or implicitly for the UE to receive SI messages on the non-anchor carrier.
· carrier frequency information

· bitmap information

· eutraControlRegionSize for in-band non-anchor carrier

· indexToMidPRB for in-band same PCI case

· eutra-NumCRS-Ports for in-band different PCI case
Discussion point 7: Whether to restrict system information on up to 2 carriers and how to signal the information in discussion point 6.
· 3 companies think that the system information transmission can be restricted on up to 2 carriers. For the signalling:
· 2 companies think the carrier frequency information in MIB-NB for SIB1-NB transmission on non-anchor carrier can also be used for the non-anchor carrier for SI messages, i.e., if SIB1-NB is on the anchor carrier, the frequency information in MIB-NB is for SI messages. If SIB1-NB is on non-anchor carrier, the frequency information in MIB-NB is for SIB1-NB and SI messages.
· One company thinks the carrier frequency information is in SIB1-NB, absent means the same as SIB1-NB.

· One company thinks that there is no benefit for the restriction. For the signalling, all information related to SI messages transmission on non-anchor carrier are signalled in SIB1-NB. CHOICE type is used for signalling optimization.
Proposal 7: The system information transmission is restricted on up to 2 carriers in TDD mode.

Discussion point 8: How to signal the scheduling information agreed by RAN1 for SIB1-NB transmission on non-anchor carrier.
According to ASN.1 examples provided by companies, in case SIB1-NB is transmitted on non-anchor carrier:
· 2 companies think new field needs to be introduced to signal frequency information for the non-anchor carrier carrying SIB1-NB.
· 2 companies think the frequency information for the non-anchor carrier carrying SIB1-NB should be siganlled in operationModeInfo-r13 case by case. In this case, the length of operationModeInfo-r13 (5 bits now) needs to be extended.
Based on the ASN.1 examples provided in the e-mail discussion, the rapporteur think the following aspects should be discussed:
· Whether to have a new MIB-TDD or have a common MIB

· Whether MIB carries the carrier information for the other carrier independently of it being used for SIB1-NB or SI messages
· Whether the signaling should allow both SIB1 and SI messages at the same time on the anchor carrier
· How to introduce the necessary information in MIB
Proposal 8: RAN2 to discuss whether to have a new MIB-TDD or have a common MIB for both FDD and TDD.

Proposal 9: RAN2 to discuss whether MIB carries the carrier information for the other carrier independently of it being used for SIB1-NB or SI messages.

Proposal 10: RAN2 to discuss whether the signaling should allow both SIB1-NB and SI messages at the same time on the anchor carrier.

Proposal 11: RAN2 to discuss how to introduce the necessary information in MIB.

Discussion point 9: How to signal bitmap for invalid subframes.
· All companies think a CHOICE type including 40 bits bitmap (only for in-band operation mode) and 10 bits bitmap (for all operation modes) can be used.
· 2 companies think the existing parameters for FDD DL bitmap can be re-used to indicate whether DL/UL/special subframes are valid or not in TDD mode.
Proposal 12: The existing parameters downlinkBitmapNonAnchor-13 in IE CarrierConfigDedicated-NB and downlinkBitmapNonAnchor-14 in IE DL-CarrierConfigCommon-NB are reused to indicate whether DL/UL/special subframes are valid or not on non-anchor carriers in TDD mode.
Discussion point 10: How to report the support of 2-HARQ processes to the eNB and how to enable the use of 2-HARQ processes to the UE.
· 3 companies think new 2-HARQ capability is needed for TDD.
· 3 companies think the same parameter twoHARQ-ProcessesConfig-r14 in the IE PhysicalConfigDedicated-NB as in FDD mode can be reused for 2-HARQ configuration in TDD mode.
Proposal 13: twoHARQ-Processes-tdd-r15 is introduced in the IE UE-Capability-NB to report the support of 2-HARQ processes in TDD mode.

Proposal 14: The existing parameter twoHARQ-ProcessesConfig-r14 in IE PhysicalConfigDedicated-NB is reused to configure the use of 2-HARQ processes in TDD mode.
Discussion point 11: MAC impact due to UL and DL transmissions in parallel.
· All companies think that there is no MAC impact due to UL and DL transmissions in parallel except for the exclusion of TDD in the note in section 5.7 for DRX.
Proposal 15: The only MAC specification impact due to interlacing of UL and DL when using two HARQ processes is the exclusion of TDD in the note in section 5.7.
NOTE:
For NB-IoT in FDD mode, DL and UL transmissions will not be scheduled in parallel, i.e. if a DL transmission has been scheduled an UL transmission will not be scheduled until HARQ RTT Timer of the DL HARQ process has expired (and vice versa).
Other
· One company thinks IoT bit is needed for interlace operation with 2-HARQ process.
· One company thinks RLC buffer size should be discussed for TDD mode.
It is proposed to discuss above issues based on contribution.
4 Conclusion
Based on this e-mail discussion, the corresponding proposals are listed as follows:

Proposal 1: ra-ResponseWindowSize and mac-ContentionResolutionTimer are extended to 20.48s.

Proposal 2: For TDD mode, the value of ra-ResponseWindowSize and mac-ContentionResolutionTimer considered by the UE is Min (signaled value x PDCCH period, 20.48s).

Proposal 3: Reuse the value range of timers defined with pp units in FDD mode for TDD mode, except for ra-ResponseWindowSize and mac-ContentionResolutionTimer.

Proposal 4: carrier_id is not needed in RA-RNTI formula in TDD mode.

Proposal 5: RA-RNTI= 1 + floor(SFN_id/4) + 256*(H-SFN mod 2) in TDD mode.

Proposal 6: The following information need to be signalled explicitly or implicitly for the UE to receive SI messages on the non-anchor carrier.

· carrier frequency information

· bitmap information

· eutraControlRegionSize for in-band non-anchor carrier

· indexToMidPRB for in-band same PCI case

· eutra-NumCRS-Ports for in-band different PCI case
Proposal 7: The system information transmission is restricted on up to 2 carriers in TDD mode.

Proposal 8: RAN2 to discuss whether to have a new MIB-TDD or have a common MIB for both FDD and TDD.

Proposal 9: RAN2 to discuss whether MIB carries the carrier information for the other carrier independently of it being used for SIB1-NB or SI messages.

Proposal 10: RAN2 to discuss whether the signaling should allow both SIB1-NB and SI messages at the same time on the anchor carrier.

Proposal 11: RAN2 to discuss how to introduce the necessary information in MIB.

Proposal 12: The existing parameters downlinkBitmapNonAnchor-13 in IE CarrierConfigDedicated-NB and downlinkBitmapNonAnchor-14 in IE DL-CarrierConfigCommon-NB are reused to indicate whether DL/UL/special subframes are valid or not on non-anchor carriers in TDD mode.

Proposal 13: twoHARQ-Processes-tdd-r15 is introduced in the IE UE-Capability-NB to report the support of 2-HARQ processes in TDD mode.

Proposal 14: The existing parameter twoHARQ-ProcessesConfig-r14 in IE PhysicalConfigDedicated-NB is reused to configure the use of 2-HARQ processes in TDD mode.

Proposal 15: The only MAC specification impact due to interlacing of UL and DL when using two HARQ processes is the exclusion of TDD in the note in section 5.7.
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Deployment example (A), one anchor carrier, mirror SIB1-NB non-anchor
Deployment example (B), two anchor carrier, mirror SIB1-NB non-anchor
Deployment example (C), two anchor carrier, back-to-back SIB1-NB non-anchor
SIB1-NB-Position-TDD =  higer_Frequen
SIB1-NB-PRBINFO-TDD = First PRB
SIB1-NB-Position-TDD =  Lower_Frequen
SIB1-NB-PRBINFO-TDD = First PRB
SIB1-NB-Position-TDD =  higer_Frequn
SIB1-NB-PRBINFO-TDD = Second PRB
SIB1-NB-Position-TDD =  Lower_Frequen
SIB1-NB-PRBINFO-TDD = First PRB
SIB1-NB-Position-TDD =  Higher_Frequen
SIB1-NB-PRBINFO-TDD = First PRB



