3GPP TSG RAN WG1 Meeting #93
R1-1805970
Busan, Korea, May 21-25, 2018
Agenda Item:
6.2.7.3.1
Source:
Huawei, HiSilicon
Title:
On downlink TDD NB-IoT
Document for:
Discussion and decision
1 Introduction

In RAN1#92bis, the agreements for downlink TDD NB-IoT are shown below [1]. Based on these agreements, we discuss the remaining details of downlink aspects of TDD NB-IoT in this paper.
Agreement
For SIB1-NB transmission in TDD on an anchor carrier, the subframe index and TBS are indicated by schedulingInfoSIB1 as follows:

	Value of schedulingInfoSIB1
	Number of NPDSCH repetitions
	Subframe
	TBS

	0
	4
	0
	208

	1
	8
	0
	208

	2
	16
	0
	208

	3
	4
	0
	328

	4
	8
	0
	328

	5
	16
	0
	328

	6
	4
	0
	440

	7
	8
	0
	440

	8
	16
	0
	440

	9
	4
	0
	680

	10
	8
	0
	680

	11
	16
	0
	680

	12
	16
	4
	208

	13
	16
	4
	328

	14
	16
	4
	440

	15
	16
	4
	680


Agreement
For 16 and 8 repetitions of SIB1-NB on a non-anchor carrier, the starting radio frame is as follows:

	Number of SIB1-NB repetitions
	PCID
	Starting radio frame number for SIB1-NB repetitions (nf mod 256)

	16 
	PCID mod 2 = 0
	 0

	
	PCID mod 2 = 1
	1

	8
	PCID mod 2 = 0
	0

	
	PCID mod 2 = 1
	16


Agreement
· When SIB-NB is transmitted on a non-anchor carrier, two subframes, i.e., subframe #0 and #5 in the same radio frame, are used for SIB1-NB transmission in every other radio frame

· One transport block of SIB1-NB is transmitted over 16 SIB1-NB subframes 

· 16 SIB1-NB subframes carry encoded bits of SIB1-NB continuing reading them from circular buffer.

Agreement
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.

Agreement
· For normal subframes, NRS resource mapping is the same as FDD.
· For special subframe configurations #3, #4 and #8, NRS is mapped to the 3rd and 4th symbols of each slot

· For special subframe configurations #9 and #10, NRS is mapped to the 3rd and 4th symbols of the first slot.

·  For special subframe configurations #1, #2, #6 and #7, NRS is mapped to

· The 6th and 7th symbols of the first slot

· For special subframe configuration #0 and #5, NRS is not transmitted

2 Frequency location of SIB1-NB non-anchor carrier

2.1 Guard-band anchor
In RAN1#92, it was agreed that the SIB1-NB non-anchor carrier can be guard-band or in-band with differentPCI (i.e. samePCI=false) in case the anchor carrier is guard-band. It is preferred to also support inband-samePCI to have no limitation on SIB1-NB non-anchor carrier placement. The operation mode of SIB1-NB non-anchor carrier and LTE CRS ports need to be indicated to avoid mapping to LTE CRS REs. Moreover, the UE can also assume that the cell-specific shift for CRS is the same as Rel-13 FDD NB-IoT, i.e. given by NB-IoT PCID mod 6. Since this indication is only applied for guard-band anchor, so the spare bits in Guardband-NB can be used for this indication. This information has to be indicated to UEs otherwise TDD UEs cannot know the operation mode and the LTE CRS REs.
When anchor carrier is guardband, for 5 MHz and 15 MHz, there is a gap between the edge of LTE transmission bandwidth and guard-band anchor placed as close as possible to the LTE edges. On the other hand, for 10 MHz and 20 MHz, the guard-band anchor can be adjacent to LTE transmission bandwidth edges, i.e. no gap in this case. Thus the gap should be indicated when SIB1-NB non-anchor carrier is in-band. And it is also preferred to place guard-band anchor and SIB1-NB guard-band non-anchor within the same guard-band to avoid having to indicate the LTE system bandwidth. Thus we have the following proposals.
Proposal 1: For guard-band anchors, whether the SIB1-NB non-anchor carrier is located at a higher or lower frequency relative to anchor PRB is indicated by 1 bit in MIB-NB.

Proposal 2: For guard-band anchors, the spare bits in Guardband-NB indicate the following:
· The operation mode, in-band or guard-band, of the SIB1-NB non-anchor carrier

· The number of LTE CRS ports in case SIB1-NB non-anchor carrier is in-band (for samePCI = true and false). The cell-specific shift for CRS is given by NB-IoT PCID mod 6

· The gap between the edge of LTE transmission bandwidth and guard-band anchors in case SIB1-NB non-anchor carrier is in-band (for samePCI = true and false)
2.2 Standalone anchor
In RAN1#92bis, it was agreed to use 1 bit in MIB-NB to indicate one of the 2 adjacent carriers relative to anchor carrier for standalone+standalone but FFS signaling of frequency offset (180-kHz or 200-kHz) of the carriers. In FDD NB-IoT, the downlink carrier frequency is given by the following equation and MDL is in the range {-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,-0.5,0,1,2,3,4,5,6,7,8,9} [4]. For standalone anchor, MDL = -0.5 but these is no restriction on MDL for standalone non-anchor carrier.
FDL = FDL_low + 0.1(NDL – NOffs-DL) + 0.0025*(2MDL+1)

Based on this equation, it is clear that in standalone, the non-anchor carrier cannot be placed adjacent with anchor carrier with 180-kHz frequency offset. So in TDD, it is preferred to use 200-kHz frequency offset between anchor and SIB1-NB non-anchor carrier. It is unnecessary to introduce a signaling to indicate this frequency offset.

Proposal 3: For standalone anchors, the frequency offset between anchor and SIB1-NB non-anchor carrier is specified as 200 kHz with no signaling.

3 Other SIBs
In FDD NB-IoT, other SIBs are transmitted in downlink valid subframes on the anchor carrier after the UE receives SIB1-NB. In TDD NB-IoT, it was agreed that other SIBs transmission can be configured on non-anchor carrier. However, the TDD UEs do not know the valid subframe configurations when receiving other SIBs on a non-anchor carrier. In many cases, the DL valid subframes configuration will be common within a cell since it relates to MBSFN configurations. Therefore, the simplest way to define valid subframes for other-SIB non-anchors is that the valid subframes on anchor carrier are also valid on other SIBs non-anchor carrier, and the subframes corresponding to NPSS/NSSS/NPBCH/SIB1-NB on anchor are defined as valid on other SIBs non-anchor.
Proposal 4: For other SIBs transmission on a non-anchor carrier, the valid subframe on anchor is valid on other SIBs non-anchor carrier. The subframes corresponding to NPSS/NSSS/NPBCH/SIB1-NB on anchor are considered valid on other SIBs non-anchor.

Based on the current agreements, other SIBs can be transmitted on a non-anchor carrier and SIB1-NB can also be transmitted on a non-anchor carrier. It is unclear that whether other SIBs non-anchor carrier can be different as SIB1-NB non-anchor carrier or not. It would be better to allow other SIBs non-anchor carrier can be different than SIB1-NB non-anchor carrier to leave eNB more flexibility to transmit other SIBs, which does not prevent eNB from  using the same carrier. Note that when SIB1-NB is transmitted on a non-anchor carrier, then subframe #0 and subframe #5 are all used. If other SIBs non-anchor carrier has to be the same as SIB1-NB non-anchor carrier, then the latency of other SIBs may be increased.

Proposal 5: Other SIBs non-anchor carrier can be different than SIB1-NB non-anchor carrier.

4 NRS
In TDD NB-IoT, SIB1-NB transmission can be configured on non-anchor carrier in subframe #0 and subframe #5, so there the NRS should be transmitted. When SIB1-NB is transmitted in subframe #4 on anchor carrier, NRS should also be transmitted in subframe #4. Since NPBCH is in subframe 0, it is beneficial to transmit NRS also in subframe 9 on an anchor carrier  Thus we have the following proposals.
Proposal 6: Before a UE obtains MIB-NB, the UE may assume NRSs are transmitted in SF#0 not containing NSSS and SF#9.

Proposal 7: On an anchor carrier for SIB1-NB, before the UE obtains SIB1-NB, the UE may assume NRS are transmitted in SF#0 not containing NSSS, SF#9, and SF#4 if SF#4 is configured for SIB1-NB transmission.
Proposal 8: On a non-anchor carrier for SIB1-NB, the UE may assume NRS are transmitted in SF#0 and SF#5 before the UE obtains SIB1-NB.

5 Paging
In LTE TDD, the possible paging occasions are subframes #0, #1, #5 and #6 shown below. In TDD NB-IoT, the same paging subframe pattern can be reused. And similar with FDD NB-IoT, when the starting subframe of paging CSS is not a valid subframe, then the UE should postpone the starting subframe to the first valid subframe.

Table 1 paging subframe pattern in LTE TDD

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


Proposal 9: TDD NB-IoT reuses the existing PO paging subframe pattern in TDD LTE. If the starting subframe of paging CSS is invalid, the starting subframe of paging CSS is postponed until the first valid subframe.

6 DwPTS usage

It is agreed to support NPDCCH transmission in DwPTS as a working assumption. In order to use available resources as much as possible to enhance NPDCCH transmission performance in TDD NB-IoT, it is preferred to confirm this working assumption. So we have the following proposal. 
Proposal 10: Confirm the working assumption for NPDCCH transmission in DwPTS for all DwPTS configurations.

In TDD NB-IoT, the number of available OFDM symbols in DwPTS is less than the normal downlink subframe, so puncturing or rate matching can be considered. If rate matching to available resources is adopted, then the combining between normal downlink and special subframe may not be possible. From this perspective, puncturing the complex-valued modulation symbols which would be mapped on GP and UpPTS symbols is preferred when using DwPTS for data transmission. In RAN1#92bis, it was agreed to support CRS-less special subframe in TDD and FFS on how to use the blank REs corresponding to CRSs. The usage of these blank REs can be the same as other REs in DwPTS, i.e. in CRS-less special subframe, rate matching is the same as DL subframe and the complex modulation symbols are mapped to all available REs in DwPTS. The modulation symbols mapped in GP and UpPTS are punctured.
Proposal 11: NPDCCH and NPDSCH are punctured in special subframes around GP and UpPTS.
Using puncturing, the actual number of repetitions for those punctured modulation symbols would be reduced. For example, assuming NPDCCH repetition level is R, then the reduced number of repetitions for punctured modulation symbols, i.e. the number of special subframes during NPDCCH transmission, is about R/3 for UL-DL configuration #1 (DSUUDDSUUD), because the number of downlink subframes is twice that of special subframes in a radio frame in this UL-DL configuration. Thus, the SNR for those punctured modulation symbols would be reduced accordingly, and the whole NPDCCH decoding performance would be limited by the repetition number R/3 rather than R. So in this case, the punctured modulation symbols can be different with different subframe index during downlink transmission. Taking two special subframes with special subframe configuration #2 in UL-DL configuration #1 as an example, assume that the whole complex-valued modulation symbols are y(0), y(1),…,y(Msymb-1). The modulation symbols mapped to the last 4 OFDM symbols (GP+UpPTS) are punctured for subframe #1, i.e. y(M),..,y(Msymb-1) are punctured. While for subframe #6, the modulation symbols which belong to the last 10 OFDM symbols before are mapped to the 10 OFDM symbols of DwPTS part and the remaining modulation symbols are punctured, i.e. y(0),…,y(N-1) are punctured. In this case, the whole performance can be improved especially for large number of repetitions due to the punctured modulation symbols being different in different subframes. One specific way to achieve this is to introduce a cyclic shift operation before mapping the whole complex-valued modulation symbols to REs in special subframe, and then puncture those modulation symbols mapped on GP and UpPTS. Thus we have the following proposals.
Proposal 12: Punctured modulation symbols for different special subframes can be different by a cyclic shift before mapping the modulation symbols to the special subframe.
Before mapping the complex-valued modulation symbols to DwPTS, the NPDCCH/NPDSCH starting position should be indicated since for in-band operation mode the first 1 or 2 OFDM symbols in DwPTS can be used by LTE PDCCH. One way is to directly indicate whether 1 or 2 symbols in DwPTS are occupied by LTE to enable TDD NB-IoT UEs to use the remaining resources as much as possible for in-band operation mode. But this may need to introduce one extra bit in SIB. Another simple way is to reuse the parameter eutraControlRegionSize, i.e. the equation min (2, eutraControlRegionSize) to indicate the LTE control region size of DwPTS. This needs no extra bits but one OFDM symbol in DwPTS may be wasted in case the control region size of DwPTS is one while eutraControlRegionSize equals to two. Another way is to specify that the first two symbols in DwPTS are not used by TDD NB-IoT UEs without indication but more resources would be wasted. Considering that every available DL resources are important for TDD NB-IoT UEs to enhance downlink transmission efficiency so we have the following proposal.
Proposal 13: NPDCCH/NPDSCH starting position in special subframe is indicated by one bit in Rel-15 TDD NB-IoT.

7 OTDOA
Based on the WID [2], OTDOA positioning based on Rel-14 FDD design is supported in TDD NB-IoT. Due to the limited number of OFDM symbols in DwPTS, it is preferred to not support NPRS transmission in special subframe in TDD NB-IoT.
Proposal 14: NPRS are not transmitted in special subframes in TDD NB-IoT.
In Rel-14 FDD NB-IoT, the NPRS sequence generation does not contain the radio frame number in the sequence initialization equation. This means the generated NPRS signal on the same subframe number in different radio frames in the positioning occasion are exactly the same. This would lead to some performance loss due to the cross-correlation and inter-cell interference issue. The detailed description is illustrated in [3]. In RAN1 #92bis meeting, it was agreed to design a new NPRS sequence. In TDD NB-IoT, the same issue is also existed so we have the following proposal.
Proposal 15: In TDD NB-IoT, the NPRS sequence initialization is:
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In FDD, in order to avoid the collision between SIB1-NB and NPRS if only part B is configured on anchor carrier, the repetition number of SIB1-NB is indicated in OTDOA assistance data. In TDD, the same information should also be needed to avoid the collision between SIB1-NB and NPRS. However, in TDD, the SIB1-NB can be transmitted on anchor or non-anchor carrier. The subframe for SIB1-NB on anchor carrier is subframe #0 or subframe #4, the subframe for SIB1-NB on non-anchor carrier is subframe #0 and subframe #5. So we have the following proposals.

Proposal 16: In TDD OTDOA, SIB1-NB subframe number {SF#0, SF#4, SF#0+SF#5} is indicated per carrier. When this indication is not present, there is no SIB1-NB transmission.
Two NPRS subframe configuration schemes are introduced in FDD named as Part A and Part B configuration. Part A provides 2 kind of bitmaps to indicate the location of NPRS subframes, the bitmap length include 10 and 40 bits. Part B provides 
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 to indicate the location of NPRS subframes. NPRS Part A and Part B configuration schemes of FDD are required in the WID to also be reused for TDD NPRS subframe configuration, with necessary amendments, if any. The subframe structure in TDD is quite different from that of FDD, in addition to DL subframes, it also exists UL subframes and special subframes. Thus the TDD NPRS configuration should make some modification accordingly. 

For TDD NPRS Part A configuration, the UL subframes and special subframes are not used for NPRS transmission. In this case, the corresponding bit can be set to 0. While for part B scheme, considering the sparser density of DL subframes in TDD than FDD, 
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 can be extended. For example, the set of 
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 can be extended as {40, 80, 160, 320, 640, 1280, 2560, 5120}, and 
[image: image5.wmf]NPRS

T

 is {160, 320, 640, 1280, 2560, 5120}. Furthermore, similar with FDD, in TDD, 
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 does count subframes containing NPSS, NSSS, NPBCH, or SIB1-NB, but the UE can assume that no NPRS are transmitted in these subframes.  
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 can be reused for TDD. 

Proposal 17: In TDD, the bitmap length and definition for Part A configuration is the same as FDD, with eNB assumed to signal UL and special subframes as not containing NPRS.

Proposal 18 Extend the value of 
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 to {40, 80, 160, 320, 640, 1280, 2560, 5120} subframes and 
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 to {160, 320, 640, 1280, 2560, 5120} ms for Part B configuration in TDD NB-IoT.

Proposal 19: 
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 in FDD is reused for TDD NB-IoT.

8 NPDCCH search spaces
In FDD, the search space is given by the 
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 and 
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, T≥4. The value set of G is {1.5, 2, 4, 8, 16, 32, 48, 64} and of Rmax is {1,2,4,8,16,32,64,128,256,512,1024,2048}. The period T of search space in FDD can take the values in table 2. In TDD, due to the number of downlink subframes per radio frame is less than that of FDD, so the period T of search spaces needs to extend to avoid the overlapping of two search spaces, which leads to dropping in NB-IoT. In UL-DL subframe configuration #1 (DSUUDDSUUD), the number of downlink subframes per radio frame is reduced by almost half compared to FDD. So the period T of search spaces would be doubled in this case. And it was agreed to reuse the same maximum number of NPDCCH repetitions Rmax in RAN1 #92bis email discussions [5], so the value of G should be doubled compared to FDD, i.e. {3, 4, 8, 16, 32, 64, 96, 128} in TDD. In this case, the value of 
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 is also increased to provide more flexibilities compared to FDD.

Proposal 20: The value of G in TDD NB-IoT is twice that of FDD and the higher layer parameter for G in FDD can be reused.

Proposal 21: The value set of offset in TDD NB-IoT is same as FDD, i.e. {0, 1/8, 1/4, 3/8}.

Proposal 22: The search space definitions and monitoring requirements for Type-1 CSS, Type-2 CSS, and USS are otherwise the same as FDD, i.e. using TS 36.213 section 16.6.
Table 2 The period of search space in FDD NB-IoT

	    Rmax
G
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	1.5
	
	
	6
	12
	24
	48
	96
	192
	384
	768
	1536
	3072

	2
	
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048
	4096

	4
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048
	4096
	8192

	8
	8
	16
	32
	64
	128
	256
	512
	1024
	2048
	4096
	8192
	16384

	16
	16
	32
	64
	128
	256
	512
	1024
	2048
	4096
	8192
	16384
	32768

	32
	32
	64
	128
	256
	512
	1024
	2048
	4096
	8192
	16384
	32768
	65536

	48
	48
	96
	192
	384
	768
	1536
	3072
	6144
	12288
	24576
	49152
	98304

	64
	64
	128
	256
	512
	1024
	2048
	4096
	8192
	16384
	32768
	65536
	131072


9 DL gaps
In FDD NB-IoT, DL gaps were introduced to allow time-domain multiplexing of coverage levels, with the intention to allow short repetition coverage levels to be transmitted in the gaps inserted into long repetition coverage levels and thus avoid blocking of shorter repetition UEs. The DL gap starting frame and subframe is given by equation (1) and the period of gap is {sf64, sf128, sf256, sf512}. The gap duration in number of subframes is given by equation (2) and the coefficient to calculate the gap duration of a DL transmission is {1/8, 1/4, 3/8, 1/2}.
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In TDD, the downlink gap should also be needed to avoid blocking other UEs. One simple way is that the DL gap is only based on downlink subframes to keep the parameters from FDD (period, coefficient and threshold) the same as FDD. However, the gap may be overlapped during two periods. For example, if period of gap is 64 and the coefficient is 1/2, then the gap duration would be 32 downlink subframes. For UL-DL configuration #1 (DSUUDDSUUD), the actual duration of this gap would be 80ms which exceeds the gap period. It is preferable not to create many excluded configurations in TDD, and not to change how DL gaps are defined, hence the value range of Ngap,period should be doubled. 

Proposal 23: dl-GapPeriodicity value range is doubled in TDD i.e. {128, 256, 512, 1024} subframes. dl-GapThreshold and the dl-GapDurationCoeff are the same as FDD.

10 Conclusions
In this contribution, we give some views about SIB1-NB transmission for TDD NB-IoT and analyze the other downlink aspects of TDD NB-IoT. The corresponding observations and proposals are listed below.
Proposal 1: For guard-band anchors, whether the SIB1-NB non-anchor carrier is located at a higher or lower frequency relative to anchor PRB is indicated by 1 bit in MIB-NB.

Proposal 2: For guard-band anchors, the spare bits in Guardband-NB indicate the following:

· The operation mode, in-band or guard-band, of the SIB1-NB non-anchor carrier

· The number of LTE CRS ports in case SIB1-NB non-anchor carrier is in-band (for samePCI = true and false). The cell-specific shift for CRS is given by NB-IoT PCID mod 6

· The gap between the edge of LTE transmission bandwidth and guard-band anchors in case SIB1-NB non-anchor carrier is in-band (for samePCI = true and false)
Proposal 3: For standalone anchors, the frequency offset between anchor and SIB1-NB non-anchor carrier is specified as 200 kHz with no signaling.

Proposal 4: For other SIBs transmission on a non-anchor carrier, the valid subframe on anchor is valid on other SIBs non-anchor carrier. The subframes corresponding to NPSS/NSSS/NPBCH/SIB1-NB on anchor are considered valid on other SIBs non-anchor.

Proposal 5: Other SIBs non-anchor carrier can be different than SIB1-NB non-anchor carrier.

Proposal 6: Before a UE obtains MIB-NB, the UE may assume NRSs are transmitted in SF#0 not containing NSSS and SF#9.

Proposal 7: On an anchor carrier for SIB1-NB, before the UE obtains SIB1-NB, the UE may assume NRS are transmitted in SF#0 not containing NSSS, SF#9, and SF#4 if SF#4 is configured for SIB1-NB transmission.

Proposal 8: On a non-anchor carrier for SIB1-NB, the UE may assume NRS are transmitted in SF#0 and SF#5 before the UE obtains SIB1-NB.

Proposal 9: TDD NB-IoT reuses the existing PO paging subframe pattern in TDD LTE. If the starting subframe of paging CSS is invalid, the starting subframe of paging CSS is postponed until the first valid subframe.

Proposal 10: Confirm the working assumption for NPDCCH transmission in DwPTS for all DwPTS configurations.

Proposal 11: NPDCCH and NPDSCH are punctured in special subframes around GP and UpPTS.

Proposal 12: Punctured modulation symbols for different special subframes can be different by a cyclic shift before mapping the modulation symbols to the special subframe.

Proposal 13: NPDCCH/NPDSCH starting position in special subframe is indicated by one bit in Rel-15 TDD NB-IoT.

Proposal 14: NPRS are not transmitted in special subframes in TDD NB-IoT.

Proposal 15: In TDD NB-IoT, the NPRS sequence initialization is:
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Proposal 16: In TDD OTDOA, SIB1-NB subframe number {SF#0, SF#4, SF#0+SF#5} is indicated per carrier. When this indication is not present, there is no SIB1-NB transmission.

Proposal 17: In TDD, the bitmap length and definition for Part A configuration is the same as FDD, with eNB assumed to signal UL and special subframes as not containing NPRS.

Proposal 18 Extend the value of 
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 to {40, 80, 160, 320, 640, 1280, 2560, 5120} subframes and 
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 to {160, 320, 640, 1280, 2560, 5120} ms for Part B configuration in TDD NB-IoT.

Proposal 19: 
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 in FDD is reused for TDD NB-IoT.

Proposal 20: The value of G in TDD NB-IoT is twice that of FDD and the higher layer parameter for G in FDD can be reused.

Proposal 21: The value set of offset in TDD NB-IoT is same as FDD, i.e. {0, 1/8, 1/4, 3/8}.

Proposal 22: The search space definitions and monitoring requirements for Type-1 CSS, Type-2 CSS, and USS are otherwise the same as FDD, i.e. using TS 36.213 section 16.6.

Proposal 23: dl-GapPeriodicity value range is doubled in TDD i.e. {128, 256, 512, 1024} subframes. dl-GapThreshold and the dl-GapDurationCoeff are the same as FDD.
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