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In this contribution, we discuss the following remaining issues: 
· The power offset between SS/PBCH and PDCCH.
· The carrier definition.
· The parameters k0 and f0.
[bookmark: _GoBack]Discussion
The SS/PBCH and PDCCH power offset
Discussion on the SS/PBCH and broadcast PDCCH power offset
There are some discussions on whether gNB needs to signal the power offset between SS/PBCH and PDCCH for UE AGC training for the PDCCH and PDSCH reception. And the following agreement was achieved in RAN1#92‎[1]. 
Agreements:
· Discuss further till next meeting regarding power offset between SS/PBCH block and PDCCH
· No RRC signalling is necessary

and in RAN1#92bis ‎[2], the following was agreed:
Agreements:
· In initial cell selection and idle mode, the UE may assume that the EPRE offset between PDCCH DMRS and SSS in the QCL’ed SSB is in the range [X, Y]dB when PDDCH with CRC scrambled by SI-RNTI, P-RNTI and RA-RNTI
· FFS: value of X and Y and dependence on numerology
· |X| & Y are no more than 12

From the UE perspective, there are benefits when the range of the power offset between the SS/PBCH and the PDCCH is known. Otherwise, the UE has no information when it sets its AGC even though only QPSK is used for PDCCH. This will result in some saturated or defective AGC quantization operation. The remaining issue is how to set the potential power offset between SS/PBCH and PDCCH and this is dependent on the performance difference between different aggregation levels of PDCCH and SSS.
For the RMSI, the supported aggregation level as following agreement as in RAN1#91 meeting:
Agreements:
· NR supports RMSI PDCCH aggregation levels of 4 CCEs, 8 CCEs, 16 CCEs.

In NR one CCE can carry 108bits and different RNTI related channels will have different payload size‎[6].  And the maximum DCI payload size is about 126bits. For broadcast DCI, there will be 4CCEs used, hence the code rate will be no larger than 1/3. The following figure shows the performance under different code rates and payload sizes ‎[4] and it shows that the PDCCH decoding SNR threshold will be in the range of (2, -6)dB. Note that with the NR SSS sequence, the achievable detection performance is about -6 dB‎[3], and the PBCH decoding performance is also near to -6dB ‎[5]. Hence, with AL 16, similar coverage can be achieved with the SSS, without any power boosting for either SSS or PDCCH. 
If the system is a coverage limited system resulting in reduced AL, the correspondence power boosting for PDCCH would be needed. The power boosting needed for PDCCH would roughly corresponds to the detection threshold difference, i.e.  (SNRPDCCH - SNRSSB). Hence the related power offset range between PDCCH and SS/PBCH will be (0, 8) dB, i.e. X = 0, Y = 8.
[image: ]
Figure 1. BLER Performance for L = {2, 8, 32}, with rate-matching‎[4]
Furthermore, since the SCS can be different between SSS and PDCCH, under the assumption both PDCCH and SSB have the same coverage, the power offset is given by the following:
10log10(μPDCCH/μSSB)+[X, Y] dB.
Considering the possible SCS combination between SS/PBCH and PDCCH CORESET[7], the (μPDCCH/μSSB) would be within (1/2, 4). But for a given band, the μPDCCH/μSSB is a fixed value.
Proposal 1: In initial cell selection and idle mode, the UE may assume that the EPRE offset between PDCCH DMRS and SSS in the QCL’ed SSB is in the range (10log10(μPDCCH/μSSB))+[X, Y]dB when PDDCH with CRC scrambled by SI-RNTI, P-RNTI and RA-RNTI.
· Where X =0 and Y=8.
· For a given band, the μSSB and μPDCCH is a fixed value according to the used band [8]. 

The SS/PBCH and UE-specific PDCCH power offset
For the UE-specific PDCCH, the UE received power offset also depends on the transmission beamforming gain difference, since the UE-specific PDCCH can have narrower transmission beam for FR2. This difference depends on the used number of element between these two channels. 
Before TRS is configured, these additional power offset will help the UE AGC setting further for UE-specific PDCCH.
Proposal 2: for the connected mode, the UE may assume that the EPRE offset between PDCCH DMRS and SSS in the QCL’ed SSB is in the range (10log10(μPDCCH/μSSB)+[0, 8] + ∆)dB
· The parameter ∆ expresses beamforming gain difference between SS/PBCH like broadcast channel and the UE-specific channel, which value can be decided by RAN4.
The carrier definition
In the last RAN1 meeting, we have the following conclusion for the carrier definition as:
Conclusion:
· For the discrepancy in carrier definition in 38.211 and 38.331, 38.211 editor will align the definition with 38.331

While the above conclusion haven’t been captured in the updated 38.211‎[9], and the related issue has been discussed in our previous contribution ‎[10]. 
The following is the baseband signal generation: 



If this bandwidth of resource grid of is aligned with the RAN4 definition of the maximum transmission bandwidth configuration NRB, then the UE can indirectly obtain the UE channel bandwidth and relevant carrier frequency fc. This is shown in the following Figure 1. If we align the relevant terminologies among RAN1, RAN2 and RAN4, the UE can obtain the channel bandwidth frequency location. And the carrier frequency fc can also be obtained. 
[image: ]
Figure 2. the parameters relationship among current TS38.211, TS38.331
If we do not align the above terminologies, then the UE cannot obtain carrier location and the carrier frequency fc. If this happens, none of the following operations can be done by the UE: 
· The RF filtering on the carrier in the UE side; 
· The phase compensation on the uplink transmission; 
· The upconversion operation in uplink transmission.
At this case, we need some additional RMSI signaling to indicate the channel bandwidth frequency location and the carrier frequency fc. To align these three specifications, we have the following proposal: 
Proposal 3: the following two terminologies has the same value:
· 
Resource grid of in 38.211
· CarrierBandwidth in 38.331
After align the above terminologies, the reference to the higher layer parameter should be given for resource grid. To amend this issue, the related TP is given in Annex A for TS38.211.
Proposal 4: Adopt the TP in Appendix A for 38.211. 

Discussion on the indication of center of channel bandwidth
The RF reference frequency and channel bandwidth of a channel is described in TS38.104 and TS38.101. This channel represents the frequency range where the UE can place its RF filter to fulfill RAN4 requirements, e.g. spectrum emission mask and ACLR requirements. Therefore, UE needs to know the center of channel bandwidth to be able to obtain the location of the channel. However, from the current signaling and specifications of RAN1 and RAN4, UE has ambiguity of knowing the center of channel bandwidth. One example of the confusion is illustrated in the following figure. 
[image: ]
[bookmark: _Ref513714828]Figure 3. Ambiguity of UE in knowing the location of channel
For a channel bandwidth of 5MHz, the configured carrierBandwidth for different SCSs is within the bandwidth of the channel (5MHz). However, the UE still does not know how to place its RF filter as there are multiple positions, illustrated as options 1 and 2 in the figure. But these options will cause the UE to receive the interference from other operators in downlink or interfere with other operators in the uplink. 
One way to resolve this ambiguity is to explicitly indicate the center of the channel bandwidth to the UE using RRC signaling. In this way, the network can allocate the channel flexibly with respect to the carrier bandwidth in the case that none of the numerologies fully utilizes the maximum transmission bandwidth. The carrier bandwidth can be flexibly configured within the channel bandwidth (using point A together with RRC parameters offsetToCarrier and carrierBandwith) and the center of channel bandwidth is explicitly signaled to the UE so that UE can find the location of the channel bandwidth. 
Another way to obtain the center of channel bandwidth by UE is to implicitly obtain it from other existing parameters of the system. In particular, it is specified in 38.101 that for at least one configured numerology, the following RF reference frequency to subcarrier mapping should be applied.
	38.101-1: 
The mapping between the RF reference frequency on the channel raster and the corresponding resource element is given in table 5.4.2.2-1. The mapping depends on the total number of RBs that are allocated in the channel and applies to both UL and DL. The mapping must apply to at least one numerology supported by the UE.
Table 5.4.2.2-1: Channel Raster to Resource Element Mapping
	
	

	


	
Resource element index 
	0
	6

	
Physical resource block number 

	

	







Therefore, if center of channel bandwidth always coincides with the middle subcarrier of the configured carrier of a “specific” numerology, the UE can obtain the center of channel bandwidth after receiving the configuration of the carrier for the “specific” numerology. This “specific” numerology can be the configured numerology with the smallest SCS in the carrier, in which case that the carrier with the smallest SCS should be symmetrically placed within the channel bandwidth.
Proposal 5:  For mixed numerology configuration, the center of channel bandwidth always coincides with the middle subcarrier of the smallest subcarrier spacing configured for the carrier. 

Discussion on the value of k0 and f0
Currently, values -6, 0 and 6 are supported for the parameter k0. However, these values cannot support all mixed numerology configurations in a carrier. In particular, consider the examples of 20MHz and 25MHz carriers illustrated in Figure 4 and Figure 5. In each example, 
· Guardband values are based on the minimum guardband requirement of RAN4 for each SCS (TS38.104 Table 5.3.3-1).
· The maximum transmission bandwidth allowed by RAN4 is utilized for at least one numerology (TS38.104 Table 5.3.2-1), and accordingly, the maximum possible transmission bandwidths for other numerologies are utilized while complying with the nested RB grid. 
· For each of k0 values {-6, 0, +6} for 60kHz, the resulting values of k0 for other numerologies are indicated in the figure.
[image: ][image: ]
[bookmark: _Ref513105770]Figure 4. Values of  for the case of mixed numerologies in a 20MHz carrier.
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[bookmark: _Ref513105777]Figure 5. Values of  for the case of mixed numerologies in a 25MHz carrier.
Observation 1: If both 15 kHz and 60 kHz exist in a carrier, the parameter  takes other integer values in addition to {-6, 0, +6}.
[bookmark: _Ref513192876]Therefore, the current RRC values {-6, 0, +6} for cannot fully support the mixed numerology configurations of a carrier. To resolve this issue, one way is to add more values to the possible values of   for RRC signaling. However, to determine the new values of , all possible carrier configurations need to be considered and investigated. Note that here we provided some configuration examples that show that new values are needed. It is not clear whether these are all the possible values or not. On the other hand, as will be discussed later, there is a relationship between the values of  for different numerologies. Therefore, the RRC signalling of  which allows for signalling of independent values of  for different numerologies, allows for potential misconfiguration of the carrier in mixed numerology cases. This will result in several error cases which need to be potentially handled by UE. Moreover, according to the relationship between the values of  for different numerologies, the current RRC signalling of  is an unnecessary RRC overhead, especially for pcell where  is currently signalled in RMSI.
As discussed in detail in our companion contribution ‎[11], we provide two alternatives to resolve the current issues of :
Alt. 1 Derivation of  using a formula
The following figure illustrates the relationship between ,  and other parameters in the carrier.
[image: ]
Figure 6. Relationship between ,  and other parameters in the carrier.
From Figure 6, one can write

Therefore, for two any numerologies  and :

Rewriting the above equation for , we have
	.



- Choice of : Although any numerology which is supported in the carrier can technically be chosen as , it is desirable to choose  to be the numerology with largest SCS configured in the carrier since it guarantees an integer value of  for any other numerology µ.
- Choice of : In RAN1#92bis, a use case was discussed where the network may need to ensure that the same value of  is used in two neighboring cells in case different number of numerologies are configured in the neighboring cells, e.g. one cell is configured with {15kHz, 30kHz} and the other cell with {15kHz, 30kHz, 60kHz}. It was argued that having the same value of  might be useful for handover. However, it is not clear in which use case the two neighboring cells from the same operation need to be configured with different number of numerologies. The same set of numerologies can be configured for both cells, and each cell can configure a UE with any desired numerology from the same set of numerologies. Moreover, since it was concluded in RAN1#92bis that  does not have to be on the channel raster nor the center of the RF filter, the channel raster or the RF implementations do not impose any restriction to the value of .  Therefore, the value of  can be predefined in the spec and can be any arbitrary integer number. The simplest choice is , and accordingly,   can be derived using:
	



Alt. 2 Remove  from the specification TS38.211
It was concluded in RAN1#92bis that “It is RAN1’s understanding that the does not have to be on the channel raster nor the center of the RF filter”. Therefore,  can be considered as a reference frequency which is used for upconversion in specification. However although the conclusion was made in RAN1, it is not clear enough what is , and what is the relationship between  and other parameters. From the conclusion,  can be anywhere. And  is only one reference frequency. We need to make it clearer.
One straightforward way is taking the frequency of point A, as the reference frequency, because it is known to the UE and it is the same for all numerologies. And this can also simplify the signaling and the signal generation formula in the specification.
In real implementation the upconversion/downconversion frequency can be choosing freely because the upconversion frequency of point A is just one reference frequency in the specification and any frequency can serve as a reference frequency for the upconversion/downconversion in real implementation. It has no impact on the real product implementation. 
Observation 2: Taking the frequency of point A as the upconversion frequency is straightforward and there is no impact on the implementation.
As a consequence,  can be removed from the OFDM signal generation formula in TS38.211, and accordingly, the following simplified signal generation formula can be used for all channels except PRACH: 
	


For PRACH, the following expression is used for the parameter 
	


The simplified baseband signal generation does not change the generated signal, and  is removed by assuming that the upconversion frequency is the frequency of point A. 
A proof of the proposed formula is provided as below according to the parameters shown in figure 6. And we can also observe that taking frequency of point A as the upconversion frequency can make   unnecessary in the specification in the proof equations. 
Observation 3: The simplified signal generation is equivalent to the signal generation in the current specification of TS38.211 and removes the restriction of the configuration of  for the carrier.
	· Proof of the simplified signal generation formula after removing  from the specification
We can see that there is a relationship between the carrier frequency   and the frequency of point A as. And the relationship is 

Using the current specification we can get the generated signal after upconversion is
  
   
And replace the  in the above formula with 

We can get that the generated signal after upconversion is
                   
                   
 
  
Then we can derive the simplified signal generation formula from the formula in current TS38.211 as

And we can see that the simplified formula is equivalent to the signal generation formula in current TS38.211. And this simplified formula removes the restriction of the configured. And then it supports all kinds of RB placement
[image: ]
Figure 6 illustration of the frequency domain configuration of a carrier


In summary, we have the following proposal:
Proposal 6: One of the following alternatives is taken for OFDM signal generation:
· Alt. 1. The parameter  in the OFDM baseband signal generation formula is derived using 

where  is the numerology with largest SCS configured in the carrier.

· Alt. 2. Remove  from the specification
· Remove  from the  OFDM baseband signal generation formula and signalling; 
· The frequency of point A is used for upconversion frequency 
· The signal generation formula for all channels except PRACH is simplified as
· Note: subcarrier k=0 represents the first subcarrier of the configured carrier.

And the parameter  for PRACH is changed as

The related text proposals are provided in the appendix
Note that the above formulas assumes subcarrier  represents the first subcarrier of the configured carrier bandwidth. 
Conclusion
In this contribution, we have discussed the remaining issues for the synchronization signal. From the discussion, we have the following conclusion as:  
Observation 1: If both 15 kHz and 60 kHz exist in a carrier, the parameter  takes other integer values in addition to {-6, 0, +6}.
Observation 2: Taking the frequency of point A as the upconversion frequency is straightforward and there is no impact on the implementation.
Observation 3: The simplified signal generation is equivalent to the signal generation in the current specification of TS38.211 and removes the restriction of the configuration of  for the carrier.

Proposal 1: In initial cell selection and idle mode, the UE may assume that the EPRE offset between PDCCH DMRS and SSS in the QCL’ed SSB is in the range (10log10(μPDCCH/μSSB))+[X, Y]dB when PDDCH with CRC scrambled by SI-RNTI, P-RNTI and RA-RNTI.
· Where X =0 and Y=8.
· For a given band, the μSSB and μPDCCH is a fixed value according to the used band ‎[8]. 
Proposal 2: For the connected mode, the UE may assume that the EPRE offset between PDCCH DMRS and SSS in the QCL’ed SSB is in the range (10log10(μPDCCH/μSSB)+[0, 8] + ∆)dB
· The parameter ∆ expresses beamforming gain difference between SS/PBCH like broadcast channel and the UE-specific channel, which value can be decided by RAN4.
Proposal 3: the following two terminologies has the same value:
· 
Resource grid of in 38.211
· CarrierBandwidth in 38.331
Proposal 4: Adopt the TP in Appendix A for 38.211. 
Proposal 5: For mixed numerology configuration, the center of channel bandwidth always coincides with the middle subcarrier of the smallest subcarrier spacing configured for the carrier. 
Proposal 6: One of the following alternatives is taken for OFDM signal generation:
· Alt. 1. The parameter  in the OFDM baseband signal generation formula is derived using 

where  is the numerology with largest SCS configured in the carrier.

· Alt. 2. Remove  from the specification
· Remove  from the OFDM baseband signal generation formula and signalling; 
· The frequency of point A is used for upconversion frequency 
· The signal generation formula for all channels except PRACH is simplified as
· Note: subcarrier k=0 represents the first subcarrier of the configured carrier.

And the parameter  for PRACH is changed as
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Appendix A: TP for carrier definition
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
4.4.2	Resource grid







For each numerology and carrier, a resource grid of  subcarriers by higher-layer parameter carrierBandwidth and  OFDM symbols is defined, starting at common resource block  by higher-layer signalling. There is one set of resource grids per transmission direction (uplink or downlink) with the subscript set to DL and UL for downlink and uplink, respectively. When there is no risk for confusion, the subscript  may be dropped. There is one resource grid for a given antenna port , subcarrier spacing configuration , and transmission direction (downlink or uplink).
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------

Appendix B: TP for derivation of k0
-------------------------------------- Start of Text Proposal for TS38.211----------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
5.3.1	OFDM baseband signal generation for all channels except PRACH




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



where  is the time within the subframe, subcarrier k=0 represents the first subcarrier of the configured carrier,






 is given by clause 4.2, and  is the subcarrier spacing configuration. The starting position of OFDM symbol  for subcarrier spacing configuration in a subframe is given by



,
where  is the subcarrier spacing configuration with largest subcarrier spacing configured in the carrier.
-------------------------------------- End of Text Proposal for TS38.211-----------------------------------

Appendix C: TP for simplified signal generation and upconversion
-------------------------------------- Start of Text Proposal for TS38.211----------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
5.3.1	OFDM baseband signal generation for all channels except PRACH




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
[image: ]



where  is the time within the subframe, subcarrier k=0 represents the first subcarrier of the configured carrier,






 is given by clause 4.2, and  is the subcarrier spacing configuration. The starting position of OFDM symbol  for subcarrier spacing configuration in a subframe is given by





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 .
5.3.2	OFDM baseband signal generation for PRACH


The time-continuous signal  on antenna port  for PRACH is defined by
[image: ]
[image: ]


where  and 

-	 is given by clause 6.3.3; 


-	 is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise,  is the subcarrier spacing of the active uplink bandwidth part; 



-	 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 ; 
-	[image: ] is the lowest numbered resource block of the initial active uplink bandwidth part based on common resource block indexing and is derived by the higher-layer parameter initialUplinkBWP during initial access. Otherwise, [image: ] is the lowest numbered resource block of the active uplink bandwidth part based on common resource block indexing and is derived by the higher-layer parameter UL-BWP;
-------------------------------------------- Unchanged parts omitted -----------------------------------------
5.4	Modulation and upconversion





Modulation and upconversion to the carrierpoint A frequency  of the complex-valued OFDM baseband signal for antenna port , subcarrier spacing configuration , and OFDM symbol  in a subframe assumed to start at  is given by 

	
for all channels and signals except PRACH and by

	
for PRACH.
-------------------------------------- End of Text Proposal for TS38.211-----------------------------------
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