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1. Introduction
This contribution discusses the remaining issues on broadcast signals and channels.
2. The misalignment issue between SSB and resource grid in OFDM signal generation
As specified in [1], the entire SS/PBCH block can offset from the resource block grid,
	……
The quantity 
[image: image1.wmf]SSB

k

 is the subcarrier offset from subcarrier 0 in common resource block 
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 to subcarrier 0 of the SS/PBCH block, where the 4 least significant bits of 
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 are given by the higher-layer parameter ssb-SubcarrierOffset and for SS/PBCH block type A the most significant bit of 
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 in the PBCH payload as defined in subclause 7.1.1 of [4, TS 38.212].
The UE may assume that the complex-valued symbols corresponding to resource elements that are part of a common resource block partially or fully overlapping with an SS/PBCH block and not used for SS/PBCH transmission are set set to zero in the OFDM symbols where SS/PBCH block is transmitted. 

For an SS/PBCH block, the UE shall assume 

-
antenna port 
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 is used for transmission of PSS, SSS and PBCH,

-
the same cyclic prefix length and subcarrier spacing for the PSS, SSS, and PBCH,

-
for SS/PBCH block type A, 
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 with the quantities 
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 expressed in terms of 15 kHz subcarrier spacing, and

-
for SS/PBCH block type B, 
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 with the quantity 
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 expressed in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and 
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 is expressed in terms of 60 kHz subcarrier spacing.


The quantity 
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 is expressed in terms of 15 kHz for sub 6GHz, and in terms of RMSI SCS for above 6GHz. In RAN4#86bis meeting [2], RAN4 further studied the offset between SSB and resource block grid and made following agreement:
	Agreement:

For the same SCS, the subcarrier grid shall be the same for SSB and data.


It can be seen that for {SSB SCS, RMSI SCS}={30, 30} kHz, the value of 
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 is always even so that the alignment between SSB and resource block grid with SSB SCS(30kHz) is guaranteed. In other cases, e.g., {SSB SCS, RMSI SCS}={30, 15} kHz, there is no similar restriction, which means 
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 can be an odd number and the grid offset is not necessarily the times of SSB SCS. However, this may lead to a misalignment issue that SSB is not able to be transmitted in the right frequency location based on current generation formula.
According to OFDM baseband generation formula in [1], we note that in cases where SSB has a different SCS with RMSI, two separate resource girds will be used for SSB and RMSI, one is with SSB SCS and the other one is with RMSI SCS. For example, as illustrated in Figure 1 and Figure 2, for {SSB SCS, RMSI SCS}={30, 15} kHz, the RMSI PDCCH/PDSCH is generated based on the resource grid in blue, and SSB is generated based on the red one.
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Figure 1 SSB mapping when 
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and {SSB SCS, RMSI SCS} = {30, 15} kHz
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Figure 2 SSB mapping when 
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and {SSB SCS, RMSI SCS} = {30, 15} kHz

In figure 1, SSB SCS=30 kHz and
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. In this case, the SC#0 of SSB is 30 kHz offset from PDCCH/PDSCH PRB boundary, which means the SSB is subcarrier level aligned with the resource grid with 30 kHz subcarrier spacing, thus being able to be generated properly and mapped to the correct frequency position. 
When SSB SCS=30 kHz and
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, as illustrated in figure 2, the SC#0 of SSB is 15 kHz offset from the PDCCH/PDSCH PRB boundary. In this case, the SSB is not subcarrier level aligned with the resource grid with 30 kHz subcarrier spacing, which may lead to ambiguity in determining the RE index of the subcarriers in the SS block illustrated in figure 3.
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Figure 3 illustration of subcarrier misalignment issue

This misalignment issue leads to incorrect OFDM signal generation because the SCS used for OFDM signal generation is that of the SSB itself, i.e. 30 kHz, however, the unit of 
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offset is based on 15 kHz in this case.

Assuming the subcarrier on the common RB boundary is the k-th RE in resource grid (30 kHz SCS), there is no doubt that the SC#0 of SSB is the k+1-th RE in resource grid when
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. 

However, it is no longer adequate to count the SC#0 of SSB as the k+1-th RE when
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. Otherwise, the generated OFDM baseband signal for SSB with
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 is same with the baseband signal for SSB while 
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. As shown in figure 3, SSB with 
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 has -15 kHz frequency offset compared with SSB while 
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. In other words, the SSB with 
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 cannot be generated and mapped to the right frequency position. 

As for the above 6GHz frequency range case, same problem may also occurs when SSB SCS is not equal to RMSI SCS (unit of 
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), e.g. {SSB SCS, RMSI SCS} = {120, 60},{240, 120},{240, 60}kHz, and 
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. Nevertheless, resource grid with 240 kHz subcarrier spacing for data is not supported, the resource grid for SSB with 240kHz subcarrier spacing for OFDM baseband signal generation may be left to gNB implementation. The misalignment issue may occur only when {SSB SCS, RMSI SCS} = {120, 60} kHz in FR2, similar to the {SSB SCS, RMSI SCS} = {30, 15} kHz in FR1 as illustrated in figure 3. 

Observation 1: SSB may be not subcarrier level aligned with the common resource block with the same SCS as SSB, in this case, the frequency offset from subcarrier boundary cannot be reflected correctly in OFDM baseband generation formula.

Observation 2: For cases {SSB SCS, RMSI SCS} = {30, 15} kHz in FR1 or {SSB SCS, RMSI SCS} = {120, 60} kHz in FR2, and 
[image: image35.wmf]SSB

k

 is odd, the generated SSB signal does not match the actual transmission position for SSB.
In these cases, SSB cannot be generated and mapped in the right frequency position. Someone may think that the
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configurations, which lead to the above issues, may never happen, since point A can be shifted to make the subcarrier of SSB aligned with the corresponding resource grid so that the SSB can still be transmitted in that frequency location. However, the distance between point A and SC#0 of resource grid is multiple of RBs; it also means some frequency location cannot be used for resource grid deployment, as illustrated in Figure 4. In other words, the full flexibility for SSB mapping and resource grid deployment cannot be fulfilled at the same time.
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Figure 4 illustration of frequency range/location of resource grid not supported 
To solve this problem, the entries for 
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for {SSB SCS, RMSI SCS} = {30, 15}kHz in FR1 or {SSB SCS, RMSI SCS} = {120, 60}kHz in FR2 should be limited to even values.
Taking the subcarrier alignment limitation agreed by RAN4 [2] into consideration, we have the following proposal:
Proposal 1: Only even values of 
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 are allowed for SSB SCS = 30kHz in FR1 or {SSB SCS, RMSI SCS} = {120, 60}kHz in FR2.
The corresponding text proposals are given in Appendix.
3. RMSI and OSI monitoring window
The issue raising from [3] is that whether the SI transmission windows of RMSI and SIB1 can overlap. In this section, we analyse this issue and give our preference. 

According to the previous agreements, in case the beam sweeping is deployed, a set of PDCCH monitoring occasions for RMSI repeat with a certain periodicity including 5ms, 10ms, 20ms, 40ms, 80ms, and 160ms. UE can derive the cell-specific association between SSB candidates and RMSI PDCCH occasions after obtaining the RMSI/SSB multiplexing pattern type. 
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Figure 5 SSB/RMSI association under pattern1
Figure 5 illustrates an example of the SSB/RMSI association under pattern 1. The RMSI transmission window is 20 ms. Assuming that the number of transmitted SSB is 40 and gNB accommodates the RMSI PDCCH monitoring windows of different SSB serially without overlapping within a RMSI transmission window, we found that each slot within the 20ms RMSI transmission periodicity consists an RMSI PDCCH monitoring occasion for a particular transmitted SSB, while each RMSI PDCCH monitoring occasion contains 1/2/3 symbols with 60kHz SCS. It is noted that the SI window of SI-1 and SI-window of RMSI are fully overlapped in this case. Furthermore, the monitoring occasions of RMSI PDCCH and OSI PDCCH would overlap with each other if the starting symbols of them are the same. Similar situations exist in pattern2/3, the overlapping between RMSI transmission window and SI-window may be inevitable under some particular configurations.
Observation 3: For NR cells require multiple beams, overlapping between SI-window of OSI and SI-window of RMSI may be inevitable under some particular configurations.
As single SI-RNTI and HARQ process are used for RMSI and OSI, potential error cases would happen if the network transmits PDCCH scrambled by SI-RNTI in the overlapping region:

1. UE takes OSI PDCCH for an RMSI PDCCH, or vice versa. 

2. UE combines OSI instance and RMSI instance erroneously.

Even though gNB can alleviate these issues by other operation, e.g., SDM, they still lead to additional computational overhead and higher complexity at both gNB and UE’s side.

Another possible way to eliminate the RMSI/OSI PDCCH ambiguity is that the symbols used for RMSI PDCCH delivery are not allowed to transmit OSI PDCCH, for example, UE can discard the overlapped symbols when monitoring OSI PDCCH, but this solution will severely limit the opportunities for OSI scheduling, especially for higher frequencies.

Considering the trade-off between complexity and high flexibility for NR, it is preferred that the SI identifier indicated in DCI explicitly. Since there is quite a few reserved bits, i.e. 16 bits in DCI format 1_0 when scrambled by SI-RNTI, one straightforward method is to indicate the SI type in the in DCI contents. A new field, e.g., SI identifier, can be defined. Or HARQ process number, which is defined for most of DCI formats, can also be introduced in DCI of SI-PDCCH to distinguish RMSI and OSI. In this case, UE can identify the different type of SI scheduling directly through reading the corresponding fields with no extra processing and performance loss. Only SI-PDSCH with same SI identifier or HARQ process number in PDCCH could be combined.
Proposal 2: The SI identifier could be introduced in DCI of SI-PDCCH to indicate UE whether RMSI or OSI is scheduled.
4. Length of short message in DCI 
As mentioned in [4], a Short Message transmission using DCI has been defined in TS 38.331 according to following table. 
	Bit
	Short message

	1
	systemInfoModification
If set to 1: indication of a BCCH modification other than SIB6, SIB7, SIB8 and SIB9.

	2
	etwsAndCmasIndication
If set to 1: indication of an ETWS primary notification and/or an ETWS secondary notification and/or a CMAS notification.

	3 – [8]
	Not used in this release of the specification, and shall be ignored by UE if received.


One issue remains that how many bits should be specified for short message field. Since there is still quite a few bits reserved, the length of the short message field can be set to 8, and it is up to RAN2 how to use these bits in future release.
Proposal 3: The length of the short message field can be set to 8, and it is up to RAN2 how to use these bits in the future.
5. Active DL BWPs overlapping/non-overlapping with initial DL BWP
In the RAN1 #93 meeting, the following agreements are made, and informed to RAN2 in [2],

	Agreements:

· When SS/PBCH block and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active, for SS/PBCH block based RRM, RLM and [BM] measurement purposes only, UE is expected to be able to measure the SS/PBCH block associated with control resource set configured in PBCH.

· Note: When SS/PBCH block and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active, SS/PBCH based RRM, RLM, and [BM] is still possible when the initial active DL BWP does not contain SS/PBCH


In [5], following questions are raised by RAN2.

Issue #1a/b/c: In case multiplexing pattern 2 or 3 is used for the initial DL BWP, for an active DL BWP that overlaps with the initial DL BWP but not with the SS/PBCH block associated to the initial DL BWP, is it possible for the UE to perform BM/BFD/RLM based on the SS/PBCH block associated to the initial DL BWP?
As discussed in previous RAN1 meetings, when the SS/PBCH block and RMSI CORESET multiplexing pattern 2 or 3 are configured in PBCH and the initial DL BWP is active, SSB based RLM/BFD/BM can still be performed. Otherwise, RLM/BFD/BM should be performed on the active DL BWP. Therefore, it can be regarded as an exception that RLM/BFD/BM based on SSB outside the active BWP when initial active BWP happens to be the active BWP. 

Moreover, the configuration of active BWP can be quite flexible, if RLM/BFD/BM is expected to be performed based on SSB, a reasonable configuration is to make sure the SSB contained in the bandwidth of active BWP, as illustrated in figure 6-(c)(d). Otherwise, UE may not be able to perform RLM/BFD/BM based on SSB, and CSI-RS resources should be configured for these purposes instead. In other words, the function of SSBs are not fully exploited, and additional CSI-RS should be configured, which is a waste of radio resources.
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Figure 6: Preferred configuration of active BWP
Issue #1d: In case multiplexing pattern 2 or 3 is used for the initial DL BWP, for an active DL BWP that overlaps with the initial DL BWP but not with the SS/PBCH block associated to the initial DL BWP, is it possible for the UE to monitor the SS/PBCH block associated to the initial DL BWP to receive broadcast SI / paging based on CORESET#0 and searchspace#0?
As specified in [6], 

	For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with [image: image42.wmf]10
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 search space sets where, for each search space set from the [image: image43.wmf]S

 search space sets, the UE is provided the following by higher layer parameter SearchSpace: 
……

-
if search space set 
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 is a common search space set, 

-
an indication by higher layer parameter dci-Format0-0-AndFormat1-0 to monitor PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by a C-RNTI or a CS-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI;

      ……


For each active DL BWP overlapping with the initial active BWP, the monitoring of SI and paging can be configured through dedicated RRC signaling, and the physical resources of dedicated configured SI/paging may be shared with the broadcast SI/paging in the initial active BWP, which is up to network implementation. Besides, the TCI-states, the CORESET refers to, may be CSI-RS resources other than SSBs. Therefore, UE does not necessarily need to monitor SSB to receive broadcast SI/paging based on CORESET#0 and searchspace#0.

Nevertheless, similar to analysis for issue#1a/b/c above, it may be more reasonable to make sure SSBs confined in the active BWP. Otherwise, additional CSI-RS resources have to be configured for TCI-state reference purpose, which may lead to waste of radio resources.

Observation 4: If the active BWP overlap with the initial active BWP, it is preferred that the cell defining SSB is also confined in the bandwidth of active BWP, if UE is expected to perform RLM/BFD/BM based on SSB and receive broadcast SI/paging based on CORESET#0 and searchspace#0. Otherwise, additional CSI-RS resources should be configured.
Issue #2: In an active DL BWP not overlapping with the initial DL BWP, does a UE necessarily need to monitor an SS/PBCH block associated to the additional CORESET/search space to be able to receive SI broadcast or paging?
As discussed above, in cases the active BWP not overlap with cell defining SSBs, SI and paging can be scheduled by the DCI format 1_0 in dedicatedly configured common search space, and the TCI states of CORESET may refer to CSI-RS resources, not necessarily refer to SSBs. Therefore, it is not necessary for a UE to monitor SSB outside the active BWP for SI and paging reception, if the active BWP, except for initial active BWP, does not overlap with cell defining SSBs.

Observation 5: In cases the active BWP not overlapping with cell defining SSB, UE does not need to monitor cell defining SSB for SI and paging reception.

Based on the discussion above, we have the following proposal:
Proposal 4: In case the active DL BWP not overlapping with cell defining SSB, 
· SSB based BM/BFD/RLM is not allowed and CSI-RS resources should be configured for these purposes instead.
· UE does not need to monitor cell defining SSB for SI and paging reception.
6. Conclusion

Based on the discussion above, we have the following observations and proposals :

Observation 1: SSB may be not subcarrier level aligned with the common resource block with the same SCS as SSB, in this case, the frequency offset from subcarrier boundary cannot be reflected correctly in OFDM baseband generation formula.
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Observation 2: For cases {SSB SCS, RMSI SCS} = {30, 15} kHz in FR1 or {SSB SCS, RMSI SCS} = {120, 60} kHz in FR2, and [image: image45.wmf]SSB
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 is odd, the generated SSB signal does not match the actual transmission position for SSB.
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Proposal 1: Only even values of [image: image46.wmf]SSB
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 are allowed for SSB SCS = 30kHz in FR1 or {SSB SCS, RMSI SCS} = {120, 60}kHz in FR2.


Observation 3: For NR cells require multiple beams, overlapping between SI-window of OSI and SI-window of RMSI may be inevitable under some particular configurations.
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Proposal 2: The SI identifier could be introduced in DCI of SI-PDCCH to indicate UE whether RMSI or OSI is scheduled.

Proposal 3: The length of the short message field can be set to 8, and it is up to RAN2 how to use these bits in the future.


Observation 4: If the active BWP overlap with the initial active BWP, it is preferred that the cell defining SSB is also confined in the bandwidth of active BWP, if UE is expected to perform RLM/BFD/BM based on SSB and receive broadcast SI/paging based on CORESET#0 and searchspace#0. Otherwise, additional CSI-RS resources should be configured.
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Observation 5: In cases the active BWP not overlapping with cell defining SSB, UE does not need to monitor cell defining SSB for SI and paging reception.
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Proposal 4: In case the active DL BWP not overlapping with cell defining SSB, 
· SSB based BM/BFD/RLM is not allowed and CSI-RS resources should be configured for these purposes instead.
· UE does not need to monitor cell defining SSB for SI and paging reception.
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Appendix: TP for section 7.4.3.1 of TS 38.211
7.4.3
  SS/PBCH block
7.4.3.1 Time-frequency structure of an SS/PBCH block
==============================Unchanged part omitted==============================

For an SS/PBCH block, the UE shall assume 

-
antenna port 
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 is used for transmission of PSS, SSS and PBCH,

-
the same cyclic prefix length and subcarrier spacing for the PSS, SSS, and PBCH,

-
for SS/PBCH block type A, 
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 expressed in terms of 15 kHz subcarrier spacing, and

-
for SS/PBCH block type B, 
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 with the quantity 
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 expressed in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and 
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 is expressed in terms of 60 kHz subcarrier spacing.

· 
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is even when 
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· 
[image: image58.wmf]SSB

k

is even when 
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 and the subcarrier spacing provided by higher-layer parameter subCarrierSpacingCommon is 60kHz; 
The UE may assume that SS/PBCH blocks transmitted with the same block index on the same center frequency location are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions.
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