[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting NR#3                                                               R1-1716077
Nagoya, Japan, 18th – 21st, September 2017

Source:	NTT DOCOMO
Title:	Details on Resource Element Mapping
[bookmark: Source]Agenda Item:	6.2.1.1
[bookmark: DocumentFor]Document for: 	Discussion
Introduction
At the last meeting, there were discussions on details of codeword (CW) mapping including resource element mapping, symbol interleaving, etc. Agreements were reached as follows [1].
	Agreements:
· For DL data channel, the modulated symbol stream associated with a codeword (CW) is only mapped to the allocated resource with the following order in Rel-15 NR:
· First across layers associated with the codeword (CW), then across subcarriers (frequency) and then across OFDM symbols (time)
· For UL data channel with CP-OFDM waveform, support the same layer mapping procedure with DL
· No frequency and/or time interleaving is supported in Rel-15 NR
· FFS for DFT-s-OFDM uplink with and without frequency hopping
· Note that additional layer correspondence can be a separate discussion from 3 to 8 layers
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In this contribution, we present our views on details on resource element mapping for NR.
Discussion
· Resource element mapping for DFT-s-OFDM with intra-slot frequency hopping
At the RAN1#89 meeting, intra-slot frequency hopping was agreed to be supported for DFT-s-OFDM based PUSCH transmission. In order to exploit frequency hopping gain, a CB should be mapped in both of the frequency hopping resources. For LTE/LTE-A, time-first mapping is supported to fully exploit frequency hopping gain. It is very important that NR potentially achieves same or better coverage compared to LTE/LTE-A considering smooth migration. 
Observation 3: RE mapping that exploits frequency hopping gain should be supported for DFT-s-OFDM with intra-slot frequency hopping.
In the last meeting, there was a discussion on potential RE mapping schemes for DFT-s-OFDM [1, 2]. In [2], potential options are listed and it was agreed that companies are encouraged to perform link-level evaluation . Figures 1 show potential RE mapping options for DFT-s-OFDM with frequency hopping, in which options 1-3 are identical to that presented in [2]. Option 1 acheives frequency first mapping where the order of CW mapping is FrequencyTime. This option doesn’t achieve frequency diversity gain in multiple CBs case, since a CB is localized in a either of the hopping resource (To be more precise, one CB may be mapped across hopping resouces, but other CBs don’t). On the other hand, the other options, i.e., options 2-4 achieve frequency diversity gain, since a CB is distributed to both of the hopping resources. In comparison between options 2-4, option 2 is inferior to the others in latency performance, since each CB are mapped till the last symbol in a slot and thus gNB can’t start decoding any of the CB untilthe last symbol has been received. On the other hand, options 3 and 4 can achieve pipe-line decoding, while achieving frequency diversity gain. 
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(a) Option 1                                                (b) Option 2 
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(c) Option 3                                              (d) Option 4 
Figure 1: RE mapping for DFT-s-OFDM with frequency hopping (Example for 2 CBs)

We present link-level simulation results to clarify the performance for different RE mapping options for uplink DFT-s-OFDM with intra-slot frequency hopping. Detailed simulation parameters are given in Table A. In the simulation, carrier frequency is set to 4 GHz. The system bandwidth is set to 150 RBs with the data allocated bandwidth of 10 and 50 RBs. We apply four different MCS sets of QPSK (R=1/2, 3/5), 16QAM (R=1/2) and 64QAM (R=5/6). We compared four RE mapping options presented in Figures 1. 
Figure 2 shows link-level simulation results for the different RE mapping options for frequency hopping, where DM-RS is mapped at the 1st and the 8th symbols. From the results, options 1-4 achieve approximately the same performance for the case of the number of CB of 1. This is because, for all options, a CB is mapped to both of the hopping resources and achieves frequency hopping gain. On the other hand, for the number of CBs of two or larger, we can observe frequency diversity gain for options 2-4 compared to option 1 (frequency first mapping). More specifically, the frequency diversity gain of approx. 1.5-2 dB is observed at the average BLER of 0.1.
Observation 1: For DFT-s-OFDM with frequency hopping, performance for frequency first mapping (as in option 1) is degraded compared to options 2-4 with freqency hopping gain. 
Observation 2: Options 3 and 4 achieve almost the same performance as option 2 but with benefit of pipe-line operation.
Proposal 1: Either of following options is supported for RE mapping for DFT-s-OFDM with intra-slot frequency hopping.
· Option 3: Subcarriers in 1st hop, then subcarriers in 2nd hop, repeat the mapping by starting from the subsequent OFDM symbol in the 1st hop (where mapping of the 1st hop and the 2nd hop is performed backward manner in the time domain).
· Option 4: Subcarriers in 1st hop, then subcarriers in 2nd hop, repeat the mapping by starting from the subsequent OFDM symbol in the 1st hop (where mapping of the 1st hop is performed backward manner, while that of the 2nd hop is performed with forward manner in the time domain).
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(a) Resource allocation = 10 RBs
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 (b) Resource allocation = 50 RBs
Figure 2: BLER performance for different RE mapping options with DFT-s-OFDM with frequency hopping

· Resource element mapping for CP-OFDM with intra-slot frequency hopping
As discussed in [4], intra-slot frequency hopping should be supported for PUSCH with CP-OFDM waveform when resource allocation is limited to contiguous. Here, we consider the RE mapping options 1-4 for CP-OFDM. Obviously, option 1 doesn’t achieve frequency diversity gain in multiple CBs case. Each CB obtains only frequency diversity gain for the localized resource. Although option 2 achieves frequency diversity gain by frequency hopping, acheivable frequency diversity in each hop is reduced for each CB, compared to that for DFT-s-OFDM. For instance, one CB is mapped at only 1 RB for each hop when 10 RBs are allocated and one CW consists of 10 CBs. This reduction results in performance degradation. On the other hand, options 3 and 4 maintain frequency diversity gain by frequency hopping and in each hop. This implies that the performance degradation does not occur in options 3 and 4.
We present link-level simulation results to evaluate the perfomance of options 1-4 about the avobe discussion. Simulation parameters are the same as that for DFT-s-OFDM, except the waveform. Figure 3 shows link-level simulation results for the different RE mapping options for frequency hopping. Form the results, options 3 and 4 provide better performance than options 1 and 2 for the number of CBs of two or larger. The gain of approx. 3-3.5 dB is observed at the average BLER of 0.1 to take the case of resource allocation = 50 RBs and 64QAM (R = 5/6) as an example. Option 2 degrades compered to option 1 as well as options 3 and 4 when there are a lot of CBs in one CW. 
Observation 3: For CP-OFDM with frequency hopping, options 3 and 4 provide better performance than options 1 and 2.
Observation 4: For CP-OFDM with frequency hopping, option 2 is degraded compared to option 1 for of the large number of CBs due to less frequency diversity gain in each hop. 
Proposal 2: Intra-slot frequency hopping is supported for UL CP-OFDM.
Proposal 3: Either of option 3 or 4 is supported for RE mapping for CP-OFDM with intra-slot frequency hopping.
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(a) Resource allocation = 10 RBs
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 (b) Resource allocation = 50 RBs
Figure 3: BLER performance for different RE mapping options with CP-OFDM with frequency hopping

· Default procedure
Even if multiple CW mapping schemes can be selected, e.g., by RRC signaling, we need to determine default procedure before RRC connection is setup. For example, it is necessary that we determine CW mapping for random access messages 2/3 and SIB1. For the signals, it is generally more important to consider signal coverage rather than fast data decoding.
Proposal 4: Default procedure before RRC connection should be specified for RE mapping for NR, e.g., option 3 or 4 for transmission with frequency hopping and option 1 for others.
Summary
In this contribution, we presented our views on CW mapping. Observations and proposals were reached as follows.
Observation 1: For DFT-s-OFDM with frequency hopping, performance for frequency first mapping (as in option 1) is degraded compared to options 2-4 with freqency hopping gain. 
Observation 2: Options 3 and 4 achieve almost the same performance as option 2 but with benefit of pipe-line operation.
Proposal 1: Either of following options is supported for RE mapping for DFT-s-OFDM with intra-slot frequency hopping.
· Option 3: Subcarriers in 1st hop, then subcarriers in 2nd hop, repeat the mapping by starting from the subsequent OFDM symbol in the 1st hop (where mapping of the 1st hop and the 2nd hop is performed backward manner in the time domain).
· Option 4: Subcarriers in 1st hop, then subcarriers in 2nd hop, repeat the mapping by starting from the subsequent OFDM symbol in the 1st hop (where mapping of the 1st hop is performed backward manner, while that of the 2nd hop is performed with forward manner in the time domain).
Observation 3: For CP-OFDM with frequency hopping, options 3 and 4 provide better performance than options 1 and 2.
Observation 4: For CP-OFDM with frequency hopping, option 2 is degraded compared to option 1 in the case of a lot of CBs. 
Proposal 2: Intra-slot frequency hopping is supported for UL CP-OFDM.
Proposal 3: Either of option 3 or 4 is supported for RE mapping for CP-OFDM with intra-slot frequency hopping.
Proposal 4: Default procedure before RRC connection should be specified for RE mapping for NR, e.g., option 3 or 4 for transmission with frequency hopping and option 1 for others.
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Appendix
Table A: Link simulation parameters
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Parameters Values

Carrier frequency 4 GHz

System bandwidth 150 RBs

Subcarrier spacing 15 kHz

Data allocation 10, 50 RBs

UE speed 3km/h

MCS QPSK (1/2), 16QAM (1/2), 64QAM(5/6)

UE Tx antenna configuration 1

TRP Rx antenna configuration 2

Channel estimation Real estimation

Channel model TDL-C for DS = 100ns
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