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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#91[1], the OFDM baseband signal generation issues were discussed followed by further email discussion [2]. In this contribution, we summarize our understanding on this issue for both the downlink and uplink, and provide our proposed corrections. The proposed texts for the corrections are given in the annex.   
[bookmark: _Ref492039987][bookmark: _Ref129681832][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Discussion on the OFDM baseband signal generation
OFDM baseband signal generation for downlink
This issue was initially raised in RAN4 [3] followed by discussions in RAN1 [4][5]. A summary was also provided in [6] with different potential solutions, and the summary contribution was updated in [7][8] during the email discussion.
As understood, the issues come from the difference between the IFFT center frequency of transmitter and the center frequency of FFT in the receiver. As shown in the following figure 1 and 2, the gNB will transmit cell defining SSB and several BWPs. From the UE receiver side, during the initial access stage, the UE will first detect the SSB with its center frequency in the SSB. While when UE detects RMSI in BWP1, the UE will put its FFT center frequency in the center of RMSI CORESET, which may be different from the gNB center frequency when doing IFFT. The same thing will happen to the other signals/channels in BWP2. 


Figure 1: multiple signal transmission in the gNB side



Figure 2: UE behaviors during detecting SSB/RMSI/dedicated data
As illustrated in our RAN4 contribution [3], the UE receiver will get the following time-domain signal (not considering the channel, noise and interference)




Where   , is the data of symbol l and sub-carrier k, N is the FFT size in the gNB side when the gNB transmits the related signal or data, Mi is the center frequency offset between the carrier center frequency and those of the detected SSB/RMSI/dedicated data. 
Note that the Mi will be very large since the transmitted signal or data will be far away from the center frequency within the carrier. Hence if there is no DMRS in the symbols, the UE receiver cannot detect the frequency offset. 
During the discussion, three options are given as following [7]:
· 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
For each of the above options, some potential issues exist:
· For option 1, UE can directly detect the SSB without additional post-compensation. While for detect RMSI, UE still need to post-compensate the frequency offset between the SSB and RMSI PDCCH because the SSB will not locate in the center of RMSI. And for other signal/channels, according to the current agreement, UE cannot know the carrier bandwidth or location of the DC carrier, then UE cannot do post-compensation for other signal/channels. 
· For option 2, for UE it can directly detect the SSB and RMSI without additional post-compensation. While for other signals/channels, there still are the same issues with option 1. 
· For option 3, as illustrated for option 1, the UE does not know the BS side carrier center frequency. Hence, after the gNB’s pre-compensation, different UE may have different understanding and implementation to detect all the different signals/channels. There will be an unknown frequency offset for the UE. This is not a preferred solution as well. 
Observation 1: With a phase pre-compensation approach, a UE post-compensation free solution is preferred
Observation 2: None of the given three options is good solution from the UE implementation aspects.
From the above discussion, we therefore proposed the following:
Proposal 1: Option 2a is adopted
· gNB pre-compensates the phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH to the IFFT center frequency of the transmitted SS/PBCH
· gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of RMSI CORESET to the IFFT center frequency of the transmitted RMSI
· For all other signals/channels within the UE active BWP, using center frequency of the BWP to the IFFT center frequency of the transmitted BWP.
· Note: UE does not require any additional post-compensation if it has the same understanding with the gNB pre-compensating assumption. 
A proposed Text Proposal for 38.211 based this approach is provided in Appendix A.1. 


Another issue on the and the grid size  in the OFDM signal generation when UE communication within some BWP has been discussed in our contribution [10].

OFDM baseband signal generation for uplink 



In the section 5.4 of [9], the up-conversion to the carrier frequency  of the complex-valued OFDM baseband signal for antenna port  and subcarrier spacing configuration  is given as


For the uplink, the UE only knows the BWP bandwidth within the uplink carrier. And the UE will use the center frequency of uplink BWP as the carrier frequency when the UE does the IFFT of uplink transmission. If the UE does the uplink transmission to the uplink carrier frequency, then the UE needs to know this value. Otherwise, the UE can only transmit the uplink signal to the uplink BWP center frequency. From the UE perspective, use the BWP center frequency can reduce the unnecessary uplink phase pre-compensation or unnecessary operation. And the UE should transmit its uplink signal with the DC in the BWP’s center frequency by IFFT. This issue is also addressed in our contribution [10].
Proposal 2: Use the uplink BWP center frequency within the uplink carrier to transmit uplink OFDM baseband signal. 
[bookmark: _Toc500952641]A proposed Text Proposal for 38.211 based this approach is provided in Appendix A.2. 

Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: With a phase pre-compensation approach, a UE post-compensation free solution is preferred
Observation 2: None of the given three options is good solution from the UE implementation aspects.
Proposal 1: Option 2a is adopted:
· gNB pre-compensates the phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH to the IFFT center frequency of the transmitted SS/PBCH
· gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of RMSI CORESET to the IFFT center frequency of the transmitted RMSI
· For all other signals/channels within the UE active BWP, using center frequency of the BWP to the IFFT center frequency of the transmitted BWP.
· Note: UE does not require any additional post-compensation if it has the same understanding with the gNB pre-compensating assumption. 
· Proposal 2: Use the uplink BWP center frequency within the uplink carrier to transmit uplink OFDM baseband signal. 
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Annex A: Text Proposal for CR

A.1 Text Proposal for 38.211 downlink OFDM baseband signal
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted ----------------------------------------
[bookmark: _Toc500952640]5.3	OFDM baseband signal generation




The time-continuous signal  on antenna port  and subcarrier spacing configuration  for OFDM symbol  in a subframe for any physical channel or signal except PRACH is defined by

	

	




[bookmark: _GoBack]where ,  is given by clause 4.2, and  is the subcarrier spacing configuration,  , where f0 is carrier frequency, and the f1 is the center frequency of the SS/PBCH,  RMSI CORESET or active downlink bandwidth part.



The value of  is obtained from the higher-layer parameter k0 and is such that the lowest numbered subcarrier in a common resource block for subcarrier spacing configuration  coincides with the lowest numbered subcarrier in a common resource block for any subcarrier spacing configuration less than .


The starting position of OFDM symbol  for subcarrier spacing configuration in a subframe is given by

	
where




The time-continuous signal  on antenna port  for PRACH is defined by




where  and  is given by clause 6.3.3. 


The starting position of the PRACH preamble in a subframe is given by  assuming the subframe starts at  where 



-	for ,  for some .



The quantities  and  are given by clause 6.3.3 and  where 


-	for ,  




-	for ,  is the number of times the interval  overlaps with either time instance 0 or time instance  in a subframe
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------

A.2 Text Proposal for 38.211 OFDM baseband signal
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted ----------------------------------------

5.4	Modulation and upconversion
5.4.2	Modulation and upconversion for downlink



Modulation and upconversion to the downlink carrier frequency  of the complex-valued OFDM baseband signal for antenna port  and subcarrier spacing configuration  is given by 


5.4.2	Modulation and upconversion for uplink



Modulation and upconversion to the uplink bandwidth part center frequency  within the uplink carrier of the complex-valued OFDM baseband signal for antenna port  and subcarrier spacing configuration  is given by 




-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------
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