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1 Introduction
This contribution discusses the following corrections and remaining issues on synchronization signaling:
· OFDM baseband signal generation 
· Corrections on rate matching around SS/PBCH blocks
2 OFDM Baseband Signal Generation
	[91-NR-03] – Daewon (Intel)
R1-1721601	Correcting NR OFDM Symbol Generation	Intel
Email discussion/approval till 12/6
Done: According to Mr Chair’s email decision posted on Dec.8th, the issue of OFDM symbol generation shall be addressed during the CR phase (starting January 2018). In the meantime, companies are encouraged to perform additional analysis so that decision can be made in January.


In RAN1#91 [1], it was identified that phase rotation across OFDM symbols would impact UE performance during initial access process. This is because initial access UE prior to RMSI reception does not know the amount of potential misalignment between DL carrier frequency center and SS/PBCH block transmission frequency center. Though it was further attempted to address the issue via post-RAN1#91 email discussion [91-NR-03], we cannot finalize it [2]:

Potential options are available based on the email discussion [91-NR-03] including:
· Option 1)
· gNB pre-compensates phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH
· gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of SS/PBCH
· For all other signals/channels, gNB does not pre-compensate phase
· Note: UE will utilize channel bandwidth and k0 signaling in RMSI for any needed compensation
· Option 2)
· gNB pre-compensates phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH
· gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of RMSI CORESET
· For all other signals/channels, gNB does not pre-compensate phase.
· Note: UE will utilize channel bandwidth and k0 signaling in RMSI for any needed compensation
· Option 3)
· gNB pre-compensates all OFDM symbols using center frequency of its own center frequency
· Note: UE will use its own center frequency for compensation of all signals received.

It is our understanding that all above options can resolve the phase rotation issue by introducing transmitter side pre-compensation. However, from implementation perspective, option 3 seems more desirable because the UE operation remains the same regardless of the target physical channel for the UE.
Though the discussion so far has focused on DL, we do see the similar issue on UL as well. In case of UL, the issue comes from BWP operation which is configured by UE specific manner. Therefore, gNB implementation burden scales along with the number of configured BWPs within a cell (it can be much more for a cell, while it is up to four for a UE).
Furthermore, when BWPs are overlapped across multiple UEs, phase compensation would be required to enable MU-MIMO, PUCCH multiplexing, etc.
Therefore, it is proposed to address phase rotation in DL as well as UL where the phase rotation is pre-compensated at the transmitter side (i.e., gNB for DL transmission and UE for UL transmission).
Proposal 1:
· For DL transmission, gNB pre-compensates all OFDM symbols using DL carrier frequency.
· For UL transmission, UE pre-compensates all OFDM symbols using UL carrier frequency.
3 Corrections on Rate Matching around SS/PBCH Blocks
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So far, NR has defined the following parameters for rate matching and measurement purpose:  
· For rate matching purpose, SSB-periodicity-serving-cell is utilized to indicate UE the actually configured periodicity, and bitmap SSB-transmitted is utilized to indicate UE the actually transmitted SS block locations within a burst set in serving cell. 
· For measurement purpose, smtc1{periodicityAndOffset} is utilized to indicate UE the periodicity and offset of the SMTC window, and bitmap ssb-ToMeasure is utilized to indicate UE which SSB locations within a burst set are required to measure. 
Currently, there is no limitation on the relationship between the two sets of parameters in the spec, and they can be configured independently. There exists problematic configuration when inconsistence between the two sets of parameters happens, such that the UE implementation complexity is increased. For example, as shown in FIGURE 1, when mismatch between the bitmap for rate matching and measurement happens, the UE may be required to perform measurement on the nominal SS/PBCH block locations without actually transmitted SS/PBCH block. The same issue happens when the configured periodicity for rate matching purpose (i.e., SSB-periodicity-serving-cell) is larger than the one for SMTC. In those problematic configurations, the UE has to perform measurement and decoding of PDSCH at the same time, which causes extra meaningless burden to the UE since the SS-based measurement without SS/PBCH block transmitted is not valid. 


[bookmark: _Ref503451501]FIGURE 1
To solve the issue, we propose to perform rate matching around SS/PBCH blocks based on the union of bitmap SSB-transmitted and bitmap ssb-ToMeasure, when the PDSCH is within the SMTC window. 
Proposal 2: The UE assumes SS/PBCH block transmission according to the union of SSB-transmitted and ssb-ToMeasure, if the received PDSCH is within the SMTC window. The UE assumes SS/PBCH block transmission according to SSB-transmitted, if the received PDSCH is not within the SMTC window.
4 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1:
· For DL transmission, gNB pre-compensates all OFDM symbols using DL carrier frequency.
· For UL transmission, UE pre-compensates all OFDM symbols using UL carrier frequency.
Proposal 2: The UE assumes SS/PBCH block transmission according to the union of SSB-transmitted and ssb-ToMeasure, if the received PDSCH is within the SMTC window. The UE assumes SS/PBCH block transmission according to SSB-transmitted, if the received PDSCH is not within the SMTC window.
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