
3GPP TSG RAN1 NB-IoT Ad-Hoc Meeting






R1-161850
Sophia Antipolis, France, 22nd – 24th March 2016
Source: 
Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
NB-PUSCH design
Agenda Item:
2.3.1
Document for:
Discussion and Decision
1 Introduction
The NB-PUSCH (or NPUSCH as per draft CR’s) design has been progressed in January RAN1 NB-IoT Ad-Hoc and in RAN1 meeting #84. In January RAN1 NB-IoT Ad-Hoc the minimum resource unit concept was defined, together with some agreements related to the supported modulations. In RAN1 meeting #84 further agreements were made for the frame design of 3.75kHz numerology. In this contribution we address some of the remaining open issues related to NB-PUSCH design. 
2 SRS avoidance
In LTE the information regarding SRS configuration can be provided to the UE by broadcast and/or higher layer signalling, e.g. in SIB2, RRC Connection Setup or in RRC Connection Reconfiguration. If the UE PUSCH transmission overlaps with the SRS region, UE shall send shortened PUSCH to avoid collision and/or transmit SRS.  

In RAN1 meeting #84 it was agreed that in order to avoid most of the collisions with SRS, a gap is introduced to 3.75kHz numerology frame design. As noted, there are still some SRS configurations that may lead to collisions, and also some mechanism to avoid SRS is needed for 15kHz numerology. It would seem preferable to adopt similar approach as in LTE also for NB-IOT in case of inband deployments. Hence network would be enabled to provide information regarding the possible overlap of the NB-IOT resource with the SRS configuration. Due to limited system bandwidth of NB-IOT, it would seem sufficient to provide only information regarding the time domain SRS occasions, reducing the needed payload. As also in LTE, NB-IOT devices would then send shortened PUSCH to avoid collision with the SRS. 
Proposal 1: NB-IOT network is able to provide information regarding the time domain presence of SRS, preferably in system information
Proposal 2: Similarly to LTE, if NB-PUSCH transmission (with 15kHz numerology) would collide with informed SRS occasion, UE transmits shortened NB-PUSCH, rate matching around SRS. 
3 NB-PUSCH encoding
In RAN1 AdHoc on NB-IoT held in January following agreements related to the scheduling unit were made:

	· One resource unit schedulable in PUSCH transmission for the data consists of fixed [X] msec at least for FDD

· X(115kHz) is 8 for 15 kHz case with single tone transmission

· X(13.75kHz) is 32 for 3.75 kHz case with single tone transmission

· In case of multiple tones is allocated for one UE, X{m} is smaller than X(115kHz)

· In case of 12 tones is allocated for one UE, X{12} is 1

· UL multi-tone transmission for the data with 12 tones is supported

· UL multi-tone transmission for the data also supports followings of numbers of multiple 

· {3} with 4 msec resource unit size

· {6} with 2 msec resource unit size

· Allow one TB scheduled over more than one resource units in time


Based on the agreements size of resource unit can be defined for single tone as 96 RE’s  and 144 RE’s in case of an multitone and TB can be scheduled over multiple of these. In RAN1#84 it was also agreed that ULTBS size should not be greater than 100bits, but exact value was left open. 

Encoding

Like already introduced in [1] it is proposed that the NB-PUSCH encoding would follow closely of that used in LTE. Hence it is proposed that 24-bit CRC is added to the information payload, similarly as depicted in Section 5.1.1 in [2](generated according to polynomial gCRC24B(D)). Channel coding is proposed to be based on the LTE turbo code encoder in Sections 5.1.3.2 of [2]. In addition rate matching is done (as described in 5.1.4.1[2]) and scrambling would be applied to signal prior modulation. Note that it is assumed that due to the limited maximum size of TB’s there is no need for code block segmentation.  
Now while it is proposed to base the NB-PUSCH encoding to the LTE baseline, it is good to note that there may be need to adjusting  the redundancy version starting points to avoid problems and/or optimize the performance when considering the largest TB sizes. Also when considering the minimum schedulable resource unit and possibility of extending TB over multiple resource units, there could be scenarios where by dynamically increasing the channel interleaver length, some performance benefit could be obtained. However at this time it is not clear whether such optimisation would justify the increased complexity. 
Proposal 3: Re-use the LTE PUSCH encoding for NPUSCH. 

Furthermore, after the TB is encoded (and rate matched to fit the scheduled resource unit), it should be repeated as per configured by network to enable meeting the set coverage targets. As discussed for example in [5]
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[6][8] the repetitions could be carried out in different levels or split to multiple levels. In order to enable symbol level combining (and frequency tracking) it is proposed that at least part of the configured repetition is applied at sub-frame level. Hence the total configured repetition number (M*N) would be split in two levels. Certain number of resource unit repetitions (of M) that are each extended consecutive manner through sub-frame level repetitions (e.g. N unchanged sub-frames/NB-slots).  Furthermore to improve the performance of the repetitions, the redundancy version (RV) cycling could be used in the resource unit repetitions.  
Proposal 4: Repetitions (M*N)  are done at two levels, M repetitions at resource unit level, followed by N sub-frame/NB-slot repetitions of each resource unit. 
Proposal 5: Use redundancy version cycling in the resource unit level repetitions, so that RV is kept constant for sub-frame level repetitions, and cycled for resource unit repetitions.
MCS, TBS and RV index
When outlining the NB-PUSCH encoding and allocations, it is assumed that the resource allocation (MCS, FD/TD physical resource and TBS) is following the similar approach as depicted in [36.213] Section 8.6.1. This would give system flexibility in terms of mixing physical allocation and selected TBS. It is proposed in [4] that DCI would indicate in separate fields the allocated MCS, number of NRU, redundancy version, repetition factor and the frequency allocation. In RAN1 meeting #84 it was also agreed that information regarding the UL numerology (3.75kHz/15kHz) will be provided in RAR. Based on these assumption we propose following design for the MCS and TBS indications.
Table 3-1 shows the proposed MCS and TBS index table. As it could be assumed that pi/2-BPSK will be used mostly in extreme coverage conditions, only two levels has been reserved for Qm=1, assuming that sufficient payload range can be covered through NRU index range (see Table 3-2). In case of Qm=2 six different entries are given. As the maximum payload size is limited and coarser accuracy is sufficient fewer MCS indexes are needed. Note that in case of 15kHz numerology the MCS indexes are common for pi/4-QPSK and QPSK. As Qm=2 modulations are different for single and multitoned, UE can identify which modulation scheme to use based on the frequency allocation field [4]. In Table 3-2 the TBS values are given, ranging over NRU values of [1,2,4,8] with maximum UL TBS proposed to be set at 968 bits. Values in Table 7.1.7.2.1-1of [3] are reused from columns corresponding to NPRB values of 1, 2, 4 and 7, with slight modification to certain values. 
Table 3-1: Modulation and TBS index table for NPUSCH

	MCS Index
IMCS
	Modulation Order
Qm
	TBS Index
ITBS

	0
	1
	0

	1
	1
	1

	2
	2
	0

	3
	2
	1

	4
	2
	2

	5
	2
	3

	6
	2
	4

	7
	2
	5


Table 3-2: Transport block size table (dimension 6×4)

	ITBS*
	NRU*

	
	1(1)
	2(2)
	4(4)
	8(7)

	0 (0)
	16
	32
	88
	176

	1(2)
	32
	72
	176
	296

	2(4)
	56
	120
	256
	488

	3(6)
	88
	176
	392
	712

	4(7)
	104
	224
	472
	840

	5(8)
	120
	256
	536
	968

	Note: Values in parenthesis correspond to values in Table 7.1.7.2.1-1[3]. Values in italic have been adjusted.


4 Conclusions

To endorse the implications of the agreements made in RAN1 NB-IOT AdHoc, following proposals are made:

Proposal 1: NB-IOT network is able to provide information regarding the time domain presence of SRS, preferably in system information

Proposal 2: Similarly to LTE, if NB-PUSCH transmission (with 15kHz numerology) would collide with informed SRS occasion, UE transmits shortened NB-PUSCH rate matching around SRS. This would apply also the transmission of ACK/NACK, which details are FFS

We also have discussed the NB-PUSCH encoding and we propose to adopt the LTE PUSCH encoding on suitable parts for NB-IOT UL.
Proposal 3: Re-use the LTE PUSCH encoding for NB-PUSCH. 

Proposal 4: Repetitions (M*N)  are done at two levels, M repetitions at resource unit level, followed by N sub-frame repetitions of each resource unit. 
Proposal 5: Use redundancy version cycling in the resource unit level repetitions, so that RV is kept constant for sub-frame level repetitions, and cycled for TTI/resource unit repetitions.
In addition proposal for MCS and TBS index tables is given in Section 3.
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