
	
3GPP TSG- RAN1 – Ad Hoc NB-IoT	R1-161826
Sophia Antipolis, France, 22nd - 24th March 2016
[bookmark: _Ref409106980]
Source:                    	Ericsson
Title:  	NB-IoT - NPDSCH resource allocation
Document for:        	Discussion and decision
Agenda Item:         	2.2.3 - NB-PDSCH		
Introduction
	RAN1 NB-IoT adhoc agreements:
· NB-PDCCH and NB-PDSCH are multiplexed only based on TDM at subframe level at least per UE
· It means that only cross subframe scheduling is supported
· Different NB-PDCCHs:
· TDM at subframe level for extended and extreme coverage.
· Can be multiplexed in one subframe for normal coverage
· FFS: FDM+TDM 
· For PDSCH: 
· Resource mapping: frequency first, then time.
· QPSK baseline, 16-QAM FFS
· Single process HARQ for PDSCH is realized by adaptive and asynchronous timing transmission
· Channel coding: TBCC
· FFS: RV for NB-PDSCH is supported
· Multiple NB-IoT carriers operation for NB-IoT is supported  at least for in-band, guard-band operation modes
· FFS: Define one NB-IoT PRB containing NB-PSS/SSS and NB-PBCH as the anchor PRB
· FFS: which PRB is defined as the anchor PRB
· Additional PRBs are configured by MIB and/or SIB and/or RRC signaling
· If more than one PRBs are allocated in the in-band operation, not all of those PRBs need to satisfy 100 kHz channel raster requirements
· FFS: Detailed signaling
· FFS: Stand-alone operation



	RAN1#84 agreements:
· DL and UL scheduling delays are indicated in DCI
· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 
· FFS the number of values and the sets of values
· Max aggregation level for NB-PDCCH: 2
· Repetition is only applied in case AL=2
· For USS, UE only searches in its configured set of ALs and numbers of repetitions of PDCCH
· For blind decoding, UE is not required to monitor more than:
· 3 NB-PDCCH blind decoding candidates in any subframe when there is no NB-PDCCH repetition, and 
· 4 NB-PDCCH blind decoding candidates in any subframe when there is NB-PDCCH repetition of any of the candidates in the subframe 
· Sub-PRB allocations of the NB-PDSCH are not supported



In this contribution we discuss resource allocation and scheduling of PDSCH in downlink. In general, the aim is to achieve scheduling flexibility for high utilization of both UL and DL.
Introducing Gaps for NB-IoT DL transmission 
According to previous agreements, both NPDSCH and/or NPDCCH channels in DL transmission for NB-IoT are multiplexed using TDM approach, thus it is not possible to transmit NPDSCH and NPDCCH at the same time except when NPDCCH is sent without any repetition and in this case only two NPDCCHs can be multiplexed in an FDM manner. Also according to our evaluations in [1], number of repetitions of NPDSCH for reaching bad coverage UEs might require up to 2560 subframes, by means of pure repetitions and/or rate matching. For the sake of comparison, we can see that, this is equivalent to total number of subframes needed to communicate with 2560 UEs in good coverage with no repetitions. Also regarding the control channel, it is expected that search space maximum repetition size for UEs in extreme coverage will require up to one fifth of this value e.g.  Paging in extreme coverage seems to require at least about 4096 [2]. We should add number of invalid subframes for transmitting data and control information to these values to get the exact amount of subframes which is required for supporting transmission to UEs in bad coverage.  
This large number of repetitions, if taking place in consecutive valid subframes, will cause extensive delays in transmission for UEs in good coverage by blocking them during the downlink reception of UEs in bad coverage. Also we should notice that in downlink, NPDCCH is carrying DL assignments, UL scheduling grants and uplink HARQ ACK/NACK, while control information being carried in uplink is only downlink HARQ ACK/NACK, this shows that there is much more control traffic on downlink compared to uplink. Moreover, it is possible to use frequency multiplexing of different UEs in uplink which make managing of UEs in different coverage level more flexible and more efficient in downlink. These factors cause imbalance between DL and UL traffic and can cause wasting of resources in uplink; because, uplink resources can be available at a moment due to the reasons mentioned before, while whole DL bandwidth is occupied for transmission of one UE with large number of repetitions. 
Also, having in mind that NB-IoT is required to support massive number of UEs, bring us to the conclusion that this problem needs to be managed or resolved in a proper way. So that UEs which does not require many repetitions can efficiently communicate in downlink without their traffic delay being dependent on the UEs with extreme coverage requirements. Although multi carrier operation is supported by the standard now, we could not rely on this to solve the problem since availability and the number of carriers depends on the available resources in the network, we should add this to the fact that it is an add-on feature and it is not required to be supported by the network necessarily.
The solution to this problem is to make it possible for UEs which are not in extreme coverage, somehow, be able to receive data and/or control information at the same time as repetitions are takin place for the UEs in extreme coverage. And since we only have TDM possibility in downlink, discontinuity or gaps of consecutive number of subframes, for downlink transmission of UEs in good coverage, should be introduced in between the transmission of UEs in extreme coverage. 
Proposal 1: In case of extreme coverage transmission in downlink which requires large number of repetitions, gaps are introduced during the repetitions of NPDSCH/NPDCCH of extreme coverage UE.
Proposal 2: Each gap consists of specific amount of consecutive subframes.
Proposal 3: During the gaps, UEs which are not in extreme coverage can receive their own NPDSCH/NPDCCH
Figure 1 tries to capture the idea of introducing gaps within large number of repetitions in downlink. 
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Figure 1 Downlink transmission grid structure with introducing gaps between UEs in extreme coverage transmission
A threshold can be set to distinguish UEs in extreme coverage which are required to introduce gaps in their transmission, from UEs who does not have large number of transmission and their information can be transmitted in consecutive valid subframes inside the gaps. Further, in order to manage and configure the gaps, it is proposed to divide downlink into contiguous windows or grids with the same sizes. And each grid splits into two parts, one is the gap and the other is used for transmission of UEs in extreme coverage. If there is no UE with extreme coverage transmission, the whole grid can be scheduled for transmission of UEs not in extreme coverage.
Proposal 4: Downlink transmission is structured as contiguous grids with two parts 1) transmission of extreme coverage UEs 2) the gaps for transmission of UEs not in extreme coverage.
Proposal 5: If there is no UE in extreme coverage being scheduled, the whole grid is used by UEs not in extreme coverage.
The length of the gap and transmission period for extreme coverage UEs can be configured by higher layer signalling. The set of possible configuration values can be predefined based on different factors, including maximum number of repetitions for PDSCH and PDCCH, offset levels defined for dynamic scheduling of downlink, maximum delay tolerance, UE capabilities, etc.   
In order to handle Invalid subframes, they can be inserted or kept inside the grid in such a way that the grid still contains the same number of valid subframes, however, after the insertion of the invalid subframe the total number of subframes become larger.
Proposal 6: Invalid subframes are inserted in the grid. However the grid still contains the same amount of valid subframe.
One important issue is that the gap/grid structure is compatible with search space structure, detail discussion on how this could be handled can be found in [3]. The structure of the gap is set by higher layer signalling.
Proposal 7: The gap structure is configured by higher layer signalling 
Dynamic scheduling and resource allocation of NPDSCH 
It is agreed in previous meeting that DL and UL scheduling delays are indicated in DCI dynamically. Based on this agreements there is a field in the DCI which conveys the offset value between NPDCCH and scheduled NPDSCH. The exact values used for the scheduling delay can be set once the repetition levels have been decided. Since we do not have FDM possibility in downlink, it is proposed to have at least 4 bits to indicate offset between NPDCCH and NBPDSCH to achieve full flexibility.
Proposal 8: Number of bits for DL scheduling delay is at least 4.
The grid/gap structure is also could be taken into account for PDSCH resource allocation scheme, by considering the length of the gap and the grid as a preconfigured values. In order to get more structured scheduling and resource allocation in downlink we can define grid/gap structure for three coverage levels. In this structure we use three different coverage levels and define gaps for extended i.e. 154dB MCL and extreme i.e. 164dB MCL, coverage levels corresponding transmission time accordingly. UEs in each coverage level cannot transmit within the gap defined for them. Gap duration of extended coverage level is defined within the gap of extreme coverage level. If resource inside the grid is not used for specific coverage level, it could be scheduled for UEs in better coverage level. The idea is shown in figure 2.
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Figure 2. Downlink transmission grid structure with introducing two gap levels based on the coverage level
Proposal 9: The grid structure can be extended to three level based on different coverage levels i.e. 144, 154,164 dB MCL. 
Dynamic scheduling and resource allocation of NPDSCH 
In this contribution we have resource allocation method for managing NPDSCH in relation to with NPDCCH. And try to come up with a way to efficiently schedule downlink transmission of both data and control information. Based on the discussions, we make the below proposals.
Proposal 1: In case of extreme coverage transmission in downlink which requires large number of repetitions, gaps are introduced during the repetitions of NPDSCH/NPDCCH of extreme coverage UE.
Proposal 2: Each gap consists of specific amount of consecutive subframes.
Proposal 3: During the gaps, UEs which are not in extreme coverage can receive their own NPDSCH/NPDCCH
Proposal 4: Downlink transmission is structured as contiguous grids with two parts 1) transmission of extreme coverage UEs 2) the gaps for transmission of UEs not in extreme coverage.
[bookmark: _GoBack]Proposal 5: if there is no UE in extreme coverage being scheduled, the whole grid is used by UEs not in extreme coverage.
Proposal 6: Invalid subframes are inserted in the grid. However the grid still contains the same amount of valid subframe.
Proposal 7: The gap structure is configured by higher layer signalling
Proposal 8: Number of bits for DL scheduling delay is at least 4.
Proposal 9: the grid structure can be extended to three level based on different coverage levels i.e. 144, 154,164 dB MCL. 
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