3GPP TSG RAN WG1 Meeting #94 			R1-1808458
Gothenburg, Sweden, August 20th – 24th, 2018

Agenda Item:	6.1.5.1
Source: 	LG Electronics
Title: 	Correction to NRS subframes and additional SIB1-NB-to-subframe mapping
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
In Rel-15 NB-IoT, additional SIB1-NB transmission was introduced for Latency and power consumption reduction, and the relevant agreements are listed below [1].
	Agreements from RAN1#90bis
· SIB1-NB can be additionally transmitted in subframe(s) other than Rel.13 existing SIB1-NB transmission subframes on the anchor-carrier.
· Additional SIB1-NBs are transmitted on subframe #3
· The periodicity of additional SIB1-NB transmissions is 20 ms and in the same radio frame as legacy transmission
· Additional SIB1-NB transmission can be configured by eNB, and the presence of additional SIB1-NB can be indicated by one of unused bits in MIB-NB
Agreements from RAN1#91
· When additional SIB1-NBs are transmitted, the subframe(s) carrying additional SIB1-NB(s) can be declared as invalid downlink subframe by downlinkBitmap
· Rel.15 UEs interpret invalid downlink subframes whose indices are corresponding to additional SIB1-NBs transmissions but not carrying additional SIB1-NB as valid downlink subframes only when the UE attempts to decode DCI format N0/N1 scrambled by C-RNTI in UE-specific search space or receive NPDSCH scheduled by DCI format N1 scrambled by C-RNTI in UE-specific search space.
Agreements from RAN1#92
· For additional SIB1-NB
· For the repetition number 4 and 8, the following alternative is downselected for the total number of subframes for additional SIB1-NB transmission
· no additional SIB1-NB transmission
· For the repetition number 16, the following alternative is downselected for the total number of subframes for additional SIB1-NB transmission
· the same as that of the legacy SIB1-NB transmissions
· The following alternative is downselected for the sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission
· the coded bits that are mapped to subframe #3 used for additional SIB1-NB transmissions are generated by continuing reading from the virtual circular buffer
· The following alternative is downselected for the scrambling sequence applied to subframes for additional SIB1-NB
· Keep the same scrambling sequence as the legacy one


However, the bullets highlighted in yellow are not fully captured in the current specifications especially for NRS transmission subframe and coded bits-to-subframe allocation parts. In this paper, we propose text proposals for TS 36.211.
2. Discussion and Proposal
NB-IoT DL subframe is defined under the chapter 16.4 in TS36.213 as follows:
	A NB-IoT UE shall assume a subframe as a NB-IoT DL subframe if
-	the UE determines that the subframe does not contain NPSS/NSSS/NPBCH/ SystemInformationBlockType1-NB transmission, and
-	for a NB-IoT carrier that a UE receives higher layer parameter operationModeInfo, the subframe is configured as NB-IoT DL subframe or the subframe is a TDD special subframe configured for NB-IoT DL transmission after the UE has obtained SystemInformationBlockType1-NB. 
-	for a NB-IoT carrier that DL-CarrierConfigCommon-NB is present, the subframe is configured as NB-IoT DL subframe or the subframe is a TDD special subframe configured for NB-IoT DL transmission, by the higher layer parameter downlinkBitmapNonAnchor. 
-	except when the UE is configured with higher layer parameter additionalTransmissionSIB1, subframe #3 not containing additional SystemInformationBlockType1-NB transmission is assumed as a NB-IoT DL subframe if the UE monitors a NPDCCH UE-specific search space or decodes NPDSCH transmission scheduled by NPDCCH in the UE-specific search space.


According to the agreements, subframe #3 is supposed to be declared as invalid subframes by a cell when additional SIB1-NB is transmitted. However, even in that case, UEs are allowed to assume subframe #3 not carrying additional SIB1-NB as a NB-IoT DL subframe if UE monitors NPDCCH UE-specific search space or decodes NPDSCH transmission scheduled by NPDCCH in the UE-specific search space. But still, subframe #3 carrying additional SIB1-NB is not defined as NB-IoT DL subframe, which means additional SIB1-NB will be transmitted without embedded NRSs in the subframe if we do not update the current specification TS36.211.
Proposal 1: In order to clarify subframes in which UE can expect NRS when additional SIB1-NB is configured by a cell, we propose to update the section 10.2.6 in TS36.211 to the suggested text proposal below.
<TP for TS.36.211>
	10.2.6  Narrowband reference signal (NRS)
-------------- omitted --------------
On an NB-IoT carrier for which a UE receives higher-layer parameter operationModeInfo indicating inband-SamePCI or inband-DifferentPCI.
-	If frame structure type 1 is used, before the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0, #4 and in subframes #9 not containing NSSS, and in subframes #3 when additionalTransmissionSIB1 is configured as TRUE.
-	If frame structure type 2 is used, before the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #9, and in subframes #0 not containing NSSS, and in subframes #4 if subframes #4 is configured for SystemInformationBlockType1-NB transmissions.
-	If frame structure type 1 is used, after the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0, #4, subframes #9 not containing NSSS, subframes #3 when additionalTransmissionSIB1 is configured as TRUE, and in NB-IoT downlink subframes.
-	If frame structure type 2 is used, after the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #9,  subframes #0 not containing NSSS, in subframes #4 if subframes #4 is configured for SystemInformationBlockType1-NB transmissions, and in NB-IoT downlink subframes
-------------- omitted --------------



Another agreement which has not been reflected in the latest specification TS36.211 is the sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission. As a consequence, the new feature of additional SIB1-NB transmission cannot be fully implemented. During the email discussion about ‘draft NB-IoT CR to 36.211, 36.212, and 36.213’, several options were mentioned to capture it in, e.g., TS36.211 or TS36.213 or even in TS36.212. One of the reasons hard to find the right place for it is that it has impact on the rate matching, resource allocation, and mapping to REs, which are described in TS36.212, 36.213, and 36.211, respectively. First of all, the coded bits that are mapped to subframe #3 used for additional SIB1-NB transmissions are generated by continuing reading from the virtual circular buffer according to the agreement, as illustrated in Figure 1.

[image: cid:image015.png@01D433F8.28E06E90]
Figure.1 The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission

As aforementioned, it seems hard to find the place where coded bits-to-subframe allocation for this can fit better. However, we think ‘Mapping to REs for NPDSCH’ in TS36.211 looks the best one for it because of the followings:
1) The number of available REs that UE can assume in subframe #3 and #4 in which (additional) SIB1-NB is transmitted before UE obtains SIB1-NB are identical
2) 
As a result, the number of modulation symbols to transmit per antenna port for a physical channel, , for additional SIB1-NB transmission is the same as that for SIB1-NB
3) By allocating the legacy SIB1-NB to [image: ] subframes #4 first and then mapping the additional SIB1-NB to [image: ] subframe #3 in the same radio frame, the circular buffer will linearly generate two times as many bits as the legacy SIB1-NB because the total number of rate matched bits for SIB1-NB will be doubled

Based on the above observations and findings, we propose to update a part of the section of mapping to REs for NPDSCH in TS36.211.
Proposal 2: In order to correctly implement the sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission with minimum specification impact, we propose to update the section 10.2.3.4 in TS36.211 to the suggested text proposal below.
<TP for TS.36.211>
	[bookmark: _Toc454818195]10.2.3.4	Mapping to resource elements
-------------- omitted --------------


For NPDSCH carrying BCCH, the is mapped to  subframes in sequence and then repeated until  subframes have been transmitted.
If additionalTransmissionSIB1 [9] is set to TRUE in the MIB-NB, for NPDSCH carrying additional SIB1-NB, the is mapped to  subframes in sequence and then repeated until  subframes have been transmitted, where the subframes for additional SIB1-NB transmission are described in 5.2.1.2a of [9] and  is given by extending the block of modulation symbols  for SIB1 to  for additional SIB1-NB transmission.







[bookmark: _GoBack]The NPDSCH transmission can be configured by higher layers with transmission gaps where the NPSDCH transmission is postponed. There are no gaps in the NPDSCH transmission if where  is given by the higher layer parameter dl-GapThreshold and  is given by [4]. The gap starting frame and subframe is given by  where the gap periodicity,, is given by the higher layer parameter dl-GapPeriodicity. The gap duration in number of subframes is given by , where  is given by the higher layer parameter dl-GapDurationCoeff. For NPDSCH carrying the BCCH there are no gaps in the transmission. 
-------------- omitted --------------



3. Reference
R1-1807590, RAN1 agreements for Rel-15 Further NB-IoT enhancements, Ericsson
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