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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 RE mapping for DFT-S-OFDM without frequency hopping:
· Option 1
· For RE mapping for DFT-S-OFDM with frequency hopping, downselect between the following alternatives in RAN1#90bis:
· Option 1
· Option 3
Reminder (agreed WF on RE mapping for DFT-s-OFDM - R1-1715161):
· Option 1: Subcarriers then OFDM symbols
· 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.



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 AH-NR#3 meeting, there was a discussion on RE mapping options for DFT-s-OFDM and it was agreed that option 1 is supported for DFT-s-OFDM without frequency hopping [1]. Option 1, which is described in Figure 1, is advantageous, since it can achieve pipe-line decoding. The remaining issue is RE mapping for DFT-s-OFDM with intra-slot frequency hopping. It is very important that NR potentially achieves the same or better coverage compared to LTE/LTE-A, thus the RE mapping option is expected to obtain sufficient frequency hopping gain. 
Observation 1: RE mapping that exploits frequency hopping gain should be supported for DFT-s-OFDM with intra-slot frequency hopping.
In the last meeting, it was agreed that RE mapping options are downselected from option 1 and option 3. Figure 1 shows the mapping orders of option 1 and option 3, in which options 1 and 3 are identical to the previous agreement [2]. Option 1 performes 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). DFT-s-OFDM is expected to apply for high SINR case as well as low SINR, thereby it is important to increase throughput for high MCS situation, i.e. many CBs.  On the other hand, option 3 achieves frequency diversity gain, since a CB is distributed to both of the hopping resources. Decoding timing in option 3 is delayed compared to option 1 but is faster than time first mapping which is applied in LTE/LTE-A. Option 3 is a well-balanced mapping scheme in terms of both frequency-hopping gain and latency performance. 
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. 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 three different MCS sets of QPSK (R=1/2), 16QAM (R=1/2) and 64QAM (R=5/6).
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(a) Option 1                                                     (b) Option 3
  Figure 1: RE mapping for DFT-s-OFDM with frequency hopping (Example for 2 CBs)

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 and 3 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 option 3 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 2: For DFT-s-OFDM with frequency hopping, performance for frequency first mapping (as in option 1) is degraded compared to option 3 with freqency hopping gain. 
Proposal 1: Option 3 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.
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(a) Resource allocation = 10 RBs
[image: ] [image: ] [image: ]
 (b) Resource allocation = 50 RBs
Figure 2: BLER performance for RE mapping options 1 and 3 with DFT-s-OFDM with frequency hopping


· Resource element mapping for asymmetry SS-length
Length of 1st sub-slot (SS) and 2nd SS can be different for example mini-slot or another case. In these situations, option 3 does not necessarily achieve frequency hopping gain for all CBs. However, we can apply option 3+ instead of option 3 as shown in Figure 3 (c), if concerned. For example, when 1st hop and 2nd hops are composed of A and B symbols in option 3+, option 3+ maps resource elements by the ratio of A to B. Option 3+ obtains frequency hopping gain for all CBs in asymmetry SS-length since a CB is mapped to both of the hopping resources.
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(a) Option 3                                                     (b) Option 3+
Figure 3: RE mapping options in asymmetry SS-length for DFT-s-OFDM with frequency hopping
(Example for 3 CBs)

We present link-level simulation results clarify the performance in the case of asymmetry SS-length for uplink DFT-s-OFDM with intra-slot frequency hopping. Detailed simulation parameters are the same as the above simulation and we set (A, B) = (7, 5) and (9, 3).
Figure 4 shows that link-level simulation results in the case of asymmetry SS-length, where DM-RS is mapped at the 1st symbol of each hop. From the results, option 3+ achieves better BLER performance than option 1 for multiple CBs case. Option 3+ provides the similar BLER as option 3 in some of results and outperforms compared to option 3 in the other results. This is because whether or not all CBs are mapped in both hops depends on the ratio of SS length and the number of CBs. Note that option 3 acheives the same or better BLER at any cases. However, the situation with asymmetry SS-length is generally a very corner case. It should be also avoided since it causes increase of scheduling complexity. When mini-slot case of 7 symbols (except for DMRS symbols), all CBs may be mapped in both hops by setting 3 symbols for 1st SS and 4 symbols for 2nd SS, i.e. as equal as possible.
Observation 3: For DFT-s-OFDM with frequency hopping, option 3+ modified from option 3 achieve frequency hopping gain and achieve the same or better performance in the case of asymmetry SS-length. 
Proposal 2: Option 3+ is supported for RE mapping for DFT-s-OFDM with intra-slot frequency hopping, if concerned about the case of asymmetry SS-length.
· 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 the number of subcarriers mapped once depends on each SS-length.
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i. Resource allocation = 10 RBs
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 ii. Resource allocation = 50 RBs
(a) (A, B) = (7, 5)
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i. Resource allocation = 10 RBs
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 ii. Resource allocation = 50 RBs
(b) (A, B) = (9, 3)
Figure 4: BLER performance for different RE mapping options in asymmetry SS-length
 with DFT-s-OFDM with frequency hopping
· CW-to-layer correspondence
At the previous meeting, CW-to-layer correspondence was agreed with the similar scheme as LTE/LTE-A, i.e. two CWs are divided into almost equal layers for over rank 4 transmissions. For NR, cooperation of multiple TRPs will be more important than LTE/LTE-A, since blockage in mmWave has a large effect on SINR, thereby channel quality is significantly different among TRPs. The optimal CW and layer correspondence can’t be almost equal division of two CWs. NR should support flexible correspondence of CW-to-layer depending on the channel quality in order to improve more than rank 4 transmissions. Note that it is important to verify potential gain of flexible CW-to-layer correspondence considering increase of DCI overhead. In addition, this kind of flexible CW-to-layer correspondence should be discussed together with other solutions such as multiple PDCCH transmission.
Observation 4: NR considers flexible CW-to-layer correspondence (FFS: detailed solutions).
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Summary
In this contribution, we presented our views on CW mapping. Observations and proposals were reached as follows.
Observation 1: RE mapping that exploits frequency hopping gain should be supported for DFT-s-OFDM with intra-slot frequency hopping.
Observation 2: For DFT-s-OFDM with frequency hopping, performance for frequency first mapping (as in option 1) is degraded compared to option 3 with freqency hopping gain. 
Proposal 1: Option 3 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.
Observation 3: For DFT-s-OFDM with frequency hopping, option 3+ modified from option 3 achieve frequency hopping gain and achieve the same or better performance in the case of asymmetry SS-length.
Proposal 2: Option 3+ is supported for RE mapping for DFT-s-OFDM with intra-slot frequency hopping, if concerned about the case of asymmetry SS-length.
· 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 the number of subcarriers mapped once depends on each SS-length.
Observation 4: NR considers flexible CW-to-layer correspondence (FFS: detailed solutions).
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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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