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Introduction
3GPP has made very good progress in enabling resource elements utilization in the control region for data. Similarly, there has been very fast progress in the detailed design of DMRS for data, both for front loaded and additional DMRS symbols. 
With respect to the latest agreements made for data multiplexing in the control region, certain resource blocks (elements) within the control region can be used for data multiplexing. The data demodulation and decoding in these symbols would require channel estimates obtained by making use of the front-loaded DMRS symbol (3rd or 4th OFDM symbol of the slot). This would require channel estimation extrapolation over up to 3 OFDM symbols which can significantly degrade the throughput for medium to high Doppler scenarios. The present contribution discusses this issue and proposes to add an additional DMRS symbol in the control region for data demodulation to combat such scenarios.
Agreements for Data Multiplexing in the Control Region
Agreements (RAN1#90):
· A UE can be configured by RRC signaling with one or more resource set(s)
· The UE shall assume that the scheduled PDSCH is rate-matched around the resource set(s) when the scheduled PDSCH overlaps 
· FFS: exact configuration of a resource set including granularity.

Agreements (RAN1#90):
· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH is rate-matched around the resource set(s) or is mapped to the resources in the resource set(s).
· FFS: details of the L1 signaling 
· FFS: exact configuration of a resource set including granularity

Agreements (RAN1#90):
· At least the following is supported
· When the scheduled PDSCH overlaps with the PDCCH scheduling the PDSCH, the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH scheduling the PDSCH
· Other forms of resource sharing between PDCCH and PDSCH are not precluded
Agreements for Additional data DMRS
Agreements:
· For PDSCH, when one additional DMRS symbol is configured for the 1-symbol front-load DMRS in a 14-symbol slot with front-load DMRS on the 3rd or 4th symbol, the additional DMRS symbol can be configured in the 12th, 10th, 8th symbol, 
· FFS the applicability of each additional DMRS location depending on slot format or last PDSCH symbol, etc. 
· Note: See the agreed positions in the figure. 
· The yellow region in the figure below does not contain PDSCH.
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Working assumption:
· For 14-symbol slot and 2-symbol front-load DMRS
· One 2-symbol additional DMRS can be configured
· Companies are encouraged to perform additional evaluations and design analysis, also taking into account 1-symbol front-load DM-RS
Agreements:
· For 14-symbol slot and 1-symbol front-load DMRS
· At least two 1-symbol additional DMRS may be configured
· FFS whether or not to additionally support three 1-symbol additional DMRS may be configured
· Companies are encouraged to perform additional evaluations and design analysis

In normal scheduling operation, whether it is slot based or non-slot based, 3GPP has agreed for front-loaded DMRS for data. Moreover, to cover the case of fast varying channels, the network can configure DMRS symbols additional to the front-loaded DMRS symbol(s). 3GPP has also agreed if there is one additional DMRS symbol after the front-loaded symbol, it would be configured close to the end of the slot such that there are no more than 2 data symbols after this additional DMRS symbol over which extrapolation would be required. The main reason for such a design is that channel estimation extrapolation is much less precise compared to interpolation and may seriously degrade the performance if done for more than 2 consecutive symbols.
 
When data is multiplexed in the control region, rate-matched around the CORESETs or mapped inside the CORESET resources, the UEs would need to do extrapolation over these symbols for channel estimation with the help of front-loaded data DMRS which are located on 3rd or 4th OFDM symbol of the slot. It will also introduce a significant delay before the UE can process the PDSCH symbols in the control region because it has to wait until the first front-loaded DMRS arrives for channel estimation.  If the UE has to count only on the front-loaded DMRS, this extrapolation may compromise severely user throughput and the gNB would either need to use a lower MCS or the link would have an increased BLER. 

Discussion
There are use cases where the data region of the UE can be extended into the control region without interfering with any CORESET or only interfering with CORESETs known to the UE. To coherently demodulate the PDSCH in the control region, the UE has to extrapolate its channel estimate from the PDSCH region to the control region, i.e. an extrapolation of 1,2 or 3 symbols if control and data region use the same numerology. In case, data is configured with a different numerology with higher sub-carrier spacing, the extrapolation may need to be done over larger number of symbols. 
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[bookmark: _Ref492300857]Figure 1: Proposal for one additional Data DMRS in the control region

Figure 1 shows a reference slot of 14 symbols. Figure 1 (a) shows the slot structure where there are 2 CORESETs shown and one user (UE1) is configured for data starting from 4th OFDM symbol. This user has been configured with one DMRS symbol additional to the front loaded DMRS symbol. The additional DMRS symbol is configured at the end of the slot, as per the 3GPP agreement. Please note that the discussion is general and is independent of the number of additional DMRS and their configuration types. Figure 1 (b) shows the case when the gNB configures the PDSCH for this user in the control resource starting from the first symbol of the slot. Now the UE needs to do extrapolation of the channel estimates over the first 3 OFDM symbols Figure 1 (b). For medium to high Doppler scenarios, this channel extrapolation could be quite challenging and the channel estimation error may limit the MCS allocated to this user, or otherwise there will be high BLER for this user. 
Observation 1: When the gNB schedules the PDSCH of a user in the control region, the UE might need to do extrapolation based channel estimation using the front-loaded DMRS in the control region, spanning up to 3 symbols. These 3-symbol extrapolation based channel estimates may degrade the user throughput in medium to high Doppler scenarios.
To overcome this issue, Figure 1 (c) shows the proposed design where the gNB has configured an additional DMRS in the control region for this user, in the first OFDM symbol of the slot. Thanks to this additional DMRS in the control region, the user can obtain high quality channel estimates through interpolation in the control region. One additional benefit of this DMRS symbol in the control region is the improved receiver processing latency. The user does not need to wait for the front-loaded data DMRS (3rd or 4th OFDM symbol) to start its receiver chain. Moreover, if there are multiple code words and mapped in frequency first fashion, the user can continue demodulation and channel decoding without waiting for front loaded DMRS symbols.
[bookmark: _Hlk492653663]Proposal 1: When the gNB schedules PDSCH of a certain UE in the control region, it can configure an additional PDSCH DMRS symbol(s) even before the front-loaded data DMRS (3rd or 4th OFDM) symbol in the control region starting from the first symbol in the slot carrying PDSCH for the user. 
Proposal 2: When the gNB configures an additional PDSCH DMRS in the control region for a user before its front-loaded DMRS, the additional DMRS follows the same configuration type as of the front-loaded PDSCH DMRS.
Conclusion
[bookmark: _GoBack]In this contribution, we discussed the setting when user’s data is scheduled in the control region. Following observation is made:
Observation 1: When the gNB schedules the PDSCH of a user in the control region, the UE might need to do extrapolation based channel estimation using the front-loaded DMRS in the control region, spanning up to 3 symbols. These 3-symbol extrapolation based channel estimates may degrade the user throughput in medium to high Doppler scenarios.
For medium to high Doppler settings, following proposals are made in this contribution: 
Proposal 1: When the gNB schedules PDSCH of a certain UE in the control region, it can configure an additional PDSCH DMRS symbol(s) even before the front-loaded data DMRS (3rd or 4th OFDM) symbol in the control region starting from the first symbol in the slot carrying PDSCH for the user. 
Proposal 2: When the gNB configures an additional PDSCH DMRS in the control region for a user before its front-loaded DMRS, the additional DMRS follows the same configuration type as of the front-loaded PDSCH DMRS.

Reference 
[1]  3GPP RAN1#90, Chairman’s note.
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