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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved.  In the last meeting, the following agreements were made. 
Agreements:
· For both slot and mini-slot, the scheduling DCI can provide an index into a UE-specific table giving the OFDM symbols used for the PDSCH (or PUSCH) transmission
· starting OFDM symbol and length in OFDM symbols of the allocation
· FFS: one or more tables
· FFS: including the slots used in case of multi-slot/multi-mini-slot scheduling or slot index for cross-slot scheduling
· FFS: May need to revisit if SFI support non-contiguous allocations
· At least for RMSI scheduling
· At least one table entry needs to be fixed in the spec

Agreements:
· For every TB-level (re-)transmission, the UE is able to determine the TB size from the DCI information in that transmission only

Agreements:
· The TBS is determined based on the actual # of available REs compared with a plurality of reference # of REs
· FFS the details, including the # of reference REs and other factors for TBS determination

Agreements:
· For the fallback DCI, only resource allocation type 1 is supported
· At least with PRB-level granularity
· FFS other granularty(ies)

Agreements:
1. The notion of VRB is included in the specifications.
1. A non-transparent VRB-to-PRB mapping (i.e. PRB_i=VRB_j where j=f(i)) is supported 
1. At least for resource allocation type 1
1. Discuss further whether to support it also for resource allocation type 0
1. At least a block-interleaver is used for VRB-to-PRB mapping 
2. FFS the details
1. A single bit in the DCI indicates localized or distributed VRB-to-PRB mapping.

In this contribution we provide our views on resource allocation for slot based and mini slot based transmissions. In addition, we provide our views on VRB-to-PRB mapping for PDSCH and PUSCH.
Resource Allocation for Mini Slot/Slot based transmissions 
In our view, there is no difference between slot based and mini-slot based transmissions from a data channel specification perspective other than the DMRS pattern [1]. Hence, we propose that the DCI lets the UE to distinguish between slot based and mini-slot based allocations. With regard to the aforementioned table, most entries can be defined without distinguishing between slot or mini-slot based allocations. In either case, a starting OFDM symbol and a length of the allocation are required. The DCI does, however, need to provide a means to distinguish between slot and mini-slot based transmissions due to the different DMRS mapping. This could either be done by a single bit in the DCI or by a dedicated DCI format and we believe that the NR Rel. 15 specifications should allow both. See our companion contribution in [2] for details. 
For example, for a PDCCH monitoring periodicity of 14 OFDM symbols and a CORESET configuration at the beginning of a slot, a single DCI format can be used for both slot based and mini-slot based transmissions and a single bit can differentiate between the two DMRS mappings for slot and mini-slot based transmissions. 
For shorter PDCCH monitoring periodicities, a dedicated DCI format can be used to schedule mini-slot based transmissions. That is because it is not possible to schedule a slot based transmission from the middle of a slot. Note that a dedicated DCI format does not increase the number of blind decodes if the size for the same RNTI is the same. A dedicated DCI format has the benefit that it allows to reinterpret the entire DCI whereas a single bit may only signal the DMRS mapping but does not affect how remaining DCI bits are interpreted. Hence, a single bit in a common DCI format caters to the use case where the only difference between slot based and mini-slot based transmissions is the DMRS mapping [1] whereas a dedicated DCI field addresses those use cases where mini-slots serve dedicated purposes for a dedicated service or feature. Hence, we think both signaling mechanisms should be supported. 
Proposal 1: A common table is used in the specifications for the time-domain resource allocation for slot based and mini-slot based transmissions.
Proposal 2: NR supports:
· The same DCI format can schedule a PDSCH either with PDSCH mapping type A or B
· A dedicated DCI format can schedule a PDSCH with PDSCH mapping type B 
Note that the HARQ aspects of these proposals are detailed in our companion contribution is [3].
Impact of Symbol level Block Interleaving 
In the previous meeting and subsequent email discussion, it was agreed to support the notion of virtual resource blocks in addition to physical resource blocks.  It was also agreed to have at least a block interleaver to support VRB-to-PRB mapping. That is once the layers are mapped to the resource elements in the frequency domain, it was proposed to use symbol level block interleaver to improve frequency diversity. In our view, the adding symbol interleaving is not needed always as shown in this section, the gains achieved with symbol interleaving is very minimal. Note that we used random interleaving in our simulations. Where the random interleaver pattern is different for every OFDM symbol and for every layer.  With a pre-defined block interleaver with same interlaving pattern for every OFDM symbol and for every antenna, we expect the gains are almost negligible. 
Figure 1 shows the performance of 4x4 MIMO system with single codeword with and without interleaver when the UE is moving with a speed of 3 Kmph, which is typical scenario for eMBB data.  The simulation assumptions are provided in Appendix. It can be observed that there is no gain with the introduction of symbol interleaver in frequency domain. The gain is around 2% at high SNR. The gains are low because, the probability of the packet pass is around 95% for slow speed channels, and the frequency diversity may not provide significant gains at slow speeds.  Note that the conventional link adaptation is used in this case, i.e. the symbol interleaver is transparent to the UE for link adaptation. 
[image: ]
Figure 1 Spectral efficiency comparison with 50 PRB allocation with 3 Kmph channel

Figure 2 shows the spectral efficiency vs SNR at UE speed equal to 120 Kmph. In this case, since the channel is outdated at the gNB due to high Doppler, we expect some gains. As shown in Figure 2, the gains are improved compared to 3 Kmph channel, however we observe the gains only at high SNR. 
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Figure 2 Spectral efficiency comparison with 50 PRB allocation with 120 Kmph channel

Note that in the above simulations we used 50 PRBs for data transmission. To check the performance improvement with frequency domain interleaver, we plotted the spectral efficiency as a function of SNR with 2 PRB and 1 PRB allocation in Figure 8 and 9 respectively. Note that we used 120 Kmph channel in these simulations.  It can be observed that the gains are almost negligible with less number of PRB allocation. 
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Figure 3 Spectral efficiency comparison with 2 PRB allocation with 120 Kmph channel

Hence, we propose that the block interleaver for PDSCH transmission should be enabled or disabled either by DCI signalling or RRC signaling. 
Proposal 3: When block interleaver is used for VRB-to-PRB mapping for PDSCH transmission, the network should be able to enable or disable the block interleaver.
Proposal 4: A single bit in DCI can indicate whether the block interleaver is enabled or disable for VRB-to-PRB mapping. 
Similarly for uplink data transmission with CP-OFDM and DFT-s-OFDM, the network should able to turn on/off the symbol level block interleaver.  For example when frequency hopping is enabled, the small gains observed at high SNRs with symbol level block interleaver diminish as the diversity gains are already provided by frequency hopping. Hence, we propose that the block interleaver for PUSCH transmission should be enabled or disabled either by DCI signalling.  
Proposal 5: When block interleaver is used for VRB-to-PRB mapping for PUSCH transmission with CP-OFDM and DFT-s-OFDM, the network should be able to enable or disable the block interleaver.
Proposal 6: A single bit in DCI can indicate whether the block interleaver is enabled or disable for VRB-to-PRB mapping. 

Symbol level Block Interleaving Design 
For symbol level interleaver, we can design a simple block level interleaver such as row to column interleaver with size N= Nr X Nc, where N= number of symbol per OFDM symbol for uniform allocation of symbols per each symbol. The values of Nr and Nc can be chosen from a given set of pre-defined values.  Since the main purpose of symbol level interleaving is to provide diversity gain, we propose that the interleaving patterns for each layer and symbol can be different for providing more frequency diversity gain. This can be achieved by choosing different value of Nr and Nc for each layer and for each symbol.  Hence we propose that
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Conclusions
In this contribution we outlined our views on the resource allocation for DL/UL Based on our observations we recommend
[bookmark: _GoBack]Proposal 1: A common table is used in the specifications for the time-domain resource allocation for slot based and mini-slot based transmissions.
Proposal 2: NR supports:
· The same DCI format can schedule a PDSCH either with PDSCH mapping type A or B
· A dedicated DCI format can schedule a PDSCH with PDSCH mapping type B 

Proposal 3: When block interleaver is used for VRB-to-PRB mapping for PDSCH transmission, the network should be able to enable or disable the block interleaver.
Proposal 4: A single bit in DCI can indicate whether the block interleaver is enabled or disable for VRB-to-PRB mapping. 
Proposal 5: When block interleaver is used for VRB-to-PRB mapping for PUSCH transmission with CP-OFDM and DFT-s-OFDM, the network should be able to enable or disable the block interleaver.
Proposal 6: A single bit in DCI can indicate whether the block interleaver is enabled or disable for VRB-to-PRB mapping. 
Proposal 7:   When symbol level interleaving is used for VRB-to-PRB mapping, the interleaving pattern should be different for each layer and for each OFDM symbol  
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Appendix

Table 1 Detailed link level simulation assumptions 
	Assumptions 
	Value 

	Carrier frequency
	4.0 GHz 

	Duplex 
	FDD

	System Bandwidth 
	10 MHz 

	TTI length 
	1 ms

	Subcarrier spacing 
	15KHz

	Guard time interval
	4.7us (interval of LTE normal CP) as baseline

	FFT size 
	1024 

	Data transmission bandwidth 
	48 subcarriers for 15 KHZ spacing 

	Antenna  configuration
	(4,4,2,1,1)

	Number of codewords
	1

	Precoding codebook
	LTE-Release 8

	Channel encoder
	LTE turbo code

	MCS 
	For link adaptation: QPSK, 16-QAM and 64-QAM are considered with variable code rate

	Control Overhead 
	Zero

	Channel estimation 
	Practical

	ACK/NACK feedback error rate
	Baseline: 0%

	PMI / rank feedback error rate
	Baseline: 0%

	CQI feedback error rate
	Baseline: 0%

	Feedback delay
	4 TTI
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