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1 Introduction

In the previous meetings, some working assumptions on RMSI CORESET and PDCCH search space configuration in NR-PBCH were reached [1]. In this contribution, we give our further considerations on some remaining issues.

· The first issue is about UE assumption on RMSI PDCCH rate matching around potential SS/PBCH blocks. 
· The second issue is focus on 2 OS search space supporting for multiplexing pattern 2. 
· The last one is about UE assumption on collision between actually transmitted SSB positions indication and slot configuration. 

2 Issues on RMSI PDCCH search space indication in NR-PBCH

2.1 Potential mapping RMSI CORESET into SS/PBCH blocks slot

In [2], search space configuration table 13-9 and table 13-10 is used for SS/PBCH block and control resource set multiplexing pattern 1. Start point of the first PDCCH monitoring window is indicated by Group offset O, i.e. the offset between ‘start point of the first PDCCH monitoring window’ and ‘start boundary of radio frame (SFN mod 2 = 0)’. 

Group offset O can be configured as {0, 2, 5, 7} ms when SS/PBCH block SCS is 15 kHz or 30 kHz; and configured as {0, 2.5, 5, 7.5} ms when SSB SCS is 120 kHz or 240 kHz. The main purpose of the group offset is avoiding mapping RMSI CORESETs into SS/PBCH block slots, although the above purpose is not fully achieved when the periodicity of SS/PBCH burst set smaller than 20 ms. 

As shown in Figure 1, taking SS/PBCH block with 30 kHz SCS and L=8 as an example, the first 2 ms within 20 ms RMSI transmission periodicity are occupied by SS/PBCH burst set. For avoiding mapping RMSI CORESET into SS/PBCH block slot, the group offset will be determined as 2 ms. Under the configuration of RMSI PDCCH monitoring window with 2 slots duration and no overlapping with each other, another 8ms will be needed for accommodating all the windows, i.e. some RMSI PDCCH monitoring windows will contain SS/PBCH block slot when SS/PBCH burst set periodicity is 5 ms. 

Similarly, considering 15 kHz SS/PBCH block with L=8 as another example, there will be at most continuous 16 ms occupied by RMSI PDCCH monitoring windows. Then it is inevitable to map RMSI CORESETs into SS/PBCH block slots. 
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Figure 1: Example of potential SS/PBCH burst set positions within 20ms RMSI transmission periodicity

Observation 1: For SS/PBCH block and RMSI CORESET multiplexing pattern 1, it is inevitable to map RMSI CORESETs into SS/PBCH block slots especially for SS/PBCH burst set periodicity smaller than 20ms. 
2.2 Clarify the UE assumption on RMSI PDCCH rate matching around potential SS/PBCH blocks 

For RMSI PDCCH reception, the following different UE assumptions on RMSI PDCCH rate matching can be considered. 

· Alt.1: The UE assumes that RMSI PDCCH is not rate matched around any potential SS/PBCH blocks, even SS/PBCH blocks that the UE has detected;
· Alt.2: The UE assumes that RMSI PDCCH is rate matched around any potential SS/PBCH block;
· Alt.3: The RMSI PDCCH rate matching assumption around potential SS/PBCH blocks depends on 
1)  In which half-frame(s) the UE has detected SSB(s) and

2)  The value of RMSI-PDCCH-Config.

2.2.1 Analysis of Alt.1

For Alt.1, lots of configuration combination of RMSI CORESET and RMSI PDCCH search space will be restricted since no overlapping between RMSI PDCCH and SS/PBCH block is allowed. 

Taking the frequency range smaller than/equal to 6 GHz cases as an example, the following CORESET configuration should not be configured when RMSI PDCCH locate into SS/PBCH block slot: (It assumed that different configuration combination have an equal configured probability)
· For SS/PBCH block SCS equals to RMSI SCS, i.e. {SSB SCS, RMSI SCS} = {15, 15} kHz and {SSB SCS, RMSI SCS} = {30, 30} kHz, for avoiding overlapping between RMSI PDCCH and SSB, only the first two symbols in one slot can be occupied by RMSI PDCCH: 
· 1 search space per slot (12/16): 3 symbols CORESET configuration (11/31, the number of 3 symbol CORESET configuration is 11, and total number is 31)

· 1 search space per slot(12/16): 2 symbols CORESET(14/31) and start from symbol 1(3/12)

· 1 search space per slot(12/16): 1 symbol CORESET(6/31) and start from symbol 2(3/12)

· 2 search spaces per slot(4/16): number of CORESET symbols larger than 1(25/31)

About 58.9% configuration of pattern 1 can not be selected for SS/PBCH block SCS equals to RMSI SCS cases.

· For SS/PBCH block SCS smaller than RMSI SCS, i.e. {SSB SCS, RMSI SCS} = {15, 30}kHz, same with the above case, only the first two symbols in one slot can be occupied by RMSI PDCCH. 
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Figure 2: 15kHz SS/PBCH block and 30kHz RMSI
· 1 search space per slot(12/16): 3 symbols CORESET configuration(5/12, the number of 3 symbol CORESET configuration is 5, and total number is 12)

· 1 search space per slot(12/16): 2 symbols CORESET(5/12) and start from symbol 1(3/12)

· 1 search space per slot(12/16): 1 symbol CORESET(2/12) and start from symbol 2(3/12)

· 2 search spaces per slot(4/16): number of CORESET symbols larger than 1(10/12)

About 63% configuration of pattern 1 can not be selected for SS/PBCH block SCS smaller than RMSI SCS cases. 
· For SS/PBCH block SCS larger than RMSI SCS, i.e. {SSB SCS, RMSI SCS} = {30, 15}kHz, only the case that one symbol RMSI PDCCH starting from symbol0 is allowed. 
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Figure 3: 30kHz SS/PBCH block and 15kHz RMSI

The ratio of one symbol RMSI PDCCH configurations starting from symbol 0 is 12.5%. Then about 87.5% of the configurations of pattern 1 cannot be selected for SS/PBCH block SCS larger than RMSI SCS cases. 

So considering all the cases for sub6GHz frequency range and multiplexing pattern1, about 69.8% of the configuration combinations will be restricted. 
According to the above analysis, only a few configuration combinations can be used if overlapping between RMSI PDCCH and SS/PBCH block is to be avoided by network configuration. Furthermore, for some usable configurations, RMSI PDCCH coverage will become a big issue since only one symbol can be used. For system bandwidth limited cases, RMSI PDCCH aggregation levels of 16 CCEs cannot be supported, e.g. 10 MHz minimum carrier bandwidth with {SSB SCS, RMSI SCS} = {30, 15} kHz, only 48 PRB and 1 symbol can be used. 

Observation 2: According to Alt.1, only a small fraction of the configuration combinations can be used. Moreover, RMSI PDCCH coverage cannot be guaranteed effectively due to limited number of symbols available for RMSI PDCCH .
2.2.2 Analysis of Alt.2

Different with Alt.1, no limitation of RMSI CORESET and PDCCH search space configuration will be made by Alt.2. Correspondingly, RMSI PDCCH overlapping with SS/PBCH block resource is allowed. 

According to the following agreements[3], 5 ms will be assumed as a default periodicity for rate matching if UE has not been indicated. 

	Agreements: 
· UE assumes a single periodicity i.e., SS burst set periodicity, for all SS/PBCH blocks for a cell
· At least for rate matching purpose, the single periodicity value is configured for the serving cell separately from SMTC. Otherwise the default periodicity, 5 ms, is assumed
· Note: UE is not expected to perform rate matching based on SMTC


Currently, SS/PBCH burst set periodicity is indicated via RMSI, i.e. no periodicity value is configured during RMSI PDCCH reception. UE has to assume 5 ms default SS/PBCH burst set periodicity for rate matching. Then as long as there is overlapping between RMSI PDCCH and potential SS/PBCH block resource in every 5 ms, RMSI PDCCH transmission with rate matching will be adopted. 

Fig.4 gives an example of rate matching across ‘false SS/PBCH block’, a SS/PBCH burst set containing 8 SS/PBCH blocks with 15 kHz SCS will occupy 4 ms. The ‘false SS/PBCH block’ refers to resource needed to be rate matched but without actual SS/PBCH block transmission. For two search spaces per slot and 3 symbols duration per search space, RMSI PDCCH in each of the search space will be affected by ‘false SS/PBCH block’. Especially for RMSI CORESET with 24 PRB, there will be few PRBs for RMSI PDCCH corresponding to SS/PBCH block 1 used. But in  practice, there is nothing to be transmitted in ‘false SS/PBCH block’ resource. This results in inefficient resource utilization. 
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Figure 4: example of rate matching across false SS/PBCH block

Observation 3: Following Alt.2, any RMSI CORESET and PDCCH search space configuration can be used, but a low resource utilization will be caused due to the conservative resource assumption for rate matching. 

2.2.3 Analysis of Alt.3

According to alt.3, additional information for determining UE rate matching assumption will be introduced. For example, some information like rate matching resource pattern within 20ms RMSI transmission periodicity. Then no false SS/PBCH block will be assumed by UE for rate matching. A more efficient resource utilization can be achieved compared to alt.2. And configuration combination of RMSI CORESET and RMSI PDCCH search space will not be restricted. 

Now the issue is how to indicate additional information in NR-PBCH. 
One straightforward way is using reserved bits of NR-PBCH for such indication. Apparently, it will introduce additional overhead of NR-PBCH.

Another way is joint coding with other information of current PBCH. This is more attractive due to no additional signaling overhead of PBCH. The issue is how to compress the number of configuration combination for current information. 

In current WA, search space configuration Table 13-9 and Table 13-10 are used for pattern 1. The starting point of the first PDCCH monitoring window is indicated by Group offset O, i.e. the offset between ‘start point of the first PDCCH monitoring window’ and ‘start boundary of radio frame(SFN mod 2 = 0)’ is O. As mentioned in previous section, the main purpose of group offset is avoiding mapping RMSI CORESET into SS/PBCH block slot. A tight relationship between the value of group offset and the positions of SS/PBCH burst set can be expected. 
As an example shown in Fig.5, UE detects an SS/PBCH block and obtains half frame and SFN indication from NR-PBCH, then it can determine the position of current SS/PBCH block belonging to the which half frame within 20ms RMSI transmission periodicity, e.g. the first half frame. Based on the frequency range and SCS of SS/PBCH block, the duration of SS/PBCH burst set can also be determined, e.g. 2 ms. According to the above information, it is reasonable that the value of group offset ‘O’ is determined as 2 ms. Currently, the group offset is configured by gNB via RMSI-PDCCH-Config. If UE can also get the value from the information obtained, then PDCCH search space configuration overhead can be saved.
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Figure 5: Different half frames within 20ms RMSI transmission periodicity

That is to say, defining different conditions for different values of Group offset, and the multi-indexes in the current Table 13-9 and 13-10 with different ‘O’ and same {‘N’, ‘M’, ‘First symbol index’} can be compressed into one index. The saved indexes can be used for indication of additional information.
Proposal 1: The group offset ‘O’ is not explicitly indicated in the PDCCH-Config index. Instead, the offset is derived from the RMSI-PDCCH-Config and the half-frame (within 20 ms) in which the UE has detected an SSB.
Proposal 2: The RMSI PDCCH rate matching assumption around potential SS/PBCH blocks should depend on half-frame(s) in which the UE has detected SSB(s) and the value of RMSI-PDCCH-Config
2.3 Proposed change for the issue 
Based on the above, we propose the following text proposal.
-------------------------------------Text Proposal for Section 13 in TS38.213----------------------------------

	13
UE procedure for monitoring Type0-PDCCH common search space 
......

Defining the following rate matching resource patterns(RP):

· RP1: the resource needed to be rate matched in any one half frame of 20ms RMSI transmission periodicity;

· RP2: the resource needed to be rate matched in two half frames(the 1st and 3st half frames OR the 2st and 4st half frames) of 20ms RMSI transmission periodicity, ;

· RP3: the resource needed to be rate matched in all half frames of 20ms RMSI transmission periodicity.

RP
Burst set duration

X=2ms for sub6GHz, X=2.5ms for above6GHz

SSB in first half-frame

SSB in second half-frame

SSB in third half-frame

SSB in fourth half-frame

1
Burst set duration ≤X 
Condition B

Condition D

Condition A

Condition A

Burst set duration >X
Condition C

Condition A

Condition A

Condition A

2
Burst set duration ≤X
Condition B

Condition D

Condition B
Condition D
Burst set duration >X
Condition C

Condition A

Condition C
Condition A

3
Burst set duration ≤X
Condition B

Condition B
Condition B
Condition B
Burst set duration >X
Condition C

Condition C
Condition C
Condition C
Table 13-X: conditions for group offset determination

Table 13-9: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern type 1 and carrier frequencies smaller than or equal to 6 GHz

Index

RP
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Number of search space sets per slot
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First symbol index
0

1
0 if Condition A
1
1
0
2 if Condition B
5 if Condition C
7 if Condition D
1

0 if Condition A
2
1/2
{0, if 
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 is even}, {
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, if 
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 is odd}
2 if Condition B
5 if Condition C
7 if Condition D
2
0 if Condition A
1
2
0
2 if Condition B
5 if Condition C
7 if Condition D
3
0 if Condition A
1
1
1
2 if Condition B
5 if Condition C
7 if Condition D
4
0 if Condition A
1
1
2
2 if Condition B
5 if Condition C
7 if Condition D
5
2

0 if Condition A
1
1
0
2 if Condition B
5 if Condition C
7 if Condition D
6
0 if Condition A
2
1/2
{0, if 
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 is odd}
2 if Condition B
5 if Condition C
7 if Condition D
7
0 if Condition A
1
2
0
2 if Condition B
5 if Condition C
7 if Condition D
8
0 if Condition A
1
1
1
2 if Condition B
5 if Condition C
7 if Condition D
9
0 if Condition A
1
1
2
2 if Condition B
5 if Condition C
7 if Condition D
10
3

0 if Condition C
1
1
0
2 if Condition B

11
0 if Condition C
2
1/2
{0, if 
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2 if Condition B

12
0 if Condition C
1
2
0
2 if Condition B

13
0 if Condition C
1
1
1
2 if Condition B
14
0 if Condition C
1
1
2
2 if Condition B

15

Reserved
Table 13-10: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing patterntype 1 and carrier frequencies smaller above 6 GHz

Index

RP
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First symbol index
0

1
0 if condition A
1
1
0
2.5 if condition B

5 if condition C

7.5 if condition D

1

0 if condition A
2
1/2
{0, if 
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2.5 if condition B

5 if condition C

7.5 if condition D

2
0 if condition A
2
1/2
 {0, if 
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 is odd}
2.5 if condition B

5 if condition C

7.5 if condition D

3
0 if condition A
1
2
0
2.5 if condition B
5 if condition C
7.5 if condition D
4
0 if condition A
1
1
1
2.5 if condition B
5 if condition C
7.5 if condition D
5

2

0 if condition A
1
1
0
2.5 if condition B

5 if condition C

7.5 if condition D

6

0 if condition A
2
1/2
{0, if 
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 is even}, {7, if 
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 is odd}
2.5 if condition B

5 if condition C

7.5 if condition D

7

0 if condition A
2
1/2
 {0, if 
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2.5 if condition B

5 if condition C

7.5 if condition D

8

0 if condition A
1
2
0
2.5 if condition B
5 if condition C
7.5 if condition D
9

0 if condition A
1
1
1
2.5 if condition B
5 if condition C
7.5 if condition D
10

3

0 if condition C
1
1
0
2.5 if condition B

11

0 if condition C
2
1/2
{0, if 
[image: image29.wmf]i

 is even}, {7, if 
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2.5 if condition B

12

0 if condition C
2
1/2
 {0, if 
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2.5 if condition B

13

0 if condition C
1
2
0
2.5 if condition B
14

0 if condition C
1
1
1
2.5 if condition B
15
Reserved




3 Issue on 2 OS search space support for multiplexing pattern 2
3.1 Analysis
For SS/PBCH block and RMSI CORESET multiplexing pattern 2 (as shown in table 13-5 {120, 60}, {240, 120} in [2]), there are some CORESET configuration with 2 OSs duration. 
As shown in Fig.6, there are only two 60 kHz-symbols before two continuous SS/PBCH blocks. Then the issue is how to support two different search spaces with 2 OSs duration per search space? One possible is supporting that the RMSI CORESETs for two continuous SS/PBCH blocks can overlap with each other. 
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Figure 6: Pattern 2 for SCS combination = {120 kHz, 60 kHz}
According to current PDCCH search space configuration shown in Fig.7 (copy from table 13-11 in [2]), search space of different SSBs start from different symbols. So no CORESETs overlapping have been supported. 
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Figure 7: RMSI PDCCH search space configuration for pattern2 with SCS combination = {120 kHz, 60 kHz}
The same issue can be found for pattern 2 with SCS combination = {240 kHz, 120 kHz}. 

Observation 4: The RMSI CORESET configuration with 2 OSs duration for SS/PBCH block and RMSI CORESET multiplexing pattern 2 is not supported by currently PDCCH search space configuration. 

Proposal 3: NR should support RMSI CORESETs for two continuous SS/PBCH blocks overlapping with each other.

In addition, some other descriptive errors in current section 13 described as follows. 
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 in Table 13-11 through Table 13-13 should be defined with respect to the subcarrier spacing of the control resource set. We propose to add some descriptions for clarifying it as proposed in section 3.2. 

The value range of ‘k’ in Table 13-12 should be {0, 1, ..., 7}.
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3.2 Proposed change for the issue 
Based on the above analysis, we propose the following text proposal.
-------------------------------------Text Proposal for Section 13 in TS38.213----------------------------------

	13
UE procedure for monitoring Type0-PDCCH common search space 
A UE determines a number of consecutive resource blocks and a number of consecutive symbols for the control resource set of Type0-PDCCH common search space from the first four bits of RMSI-PDCCH-Config as described in Tables 13-1 through 13-8 and determines PDCCH monitoring occasions from the second four bits of RMSI-PDCCH-Config as described in Tables 13-9 through 13-13 where 
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Table 13-11: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing patterntype 2 and {SS/PBCH block, PDCCH} subcarrier spacing {120, 60} kHz 

Table 13-12: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing type pattern 2 and {SS/PBCH block, PDCCH} subcarrier spacing {240, 120} kHz 

Index

PDCCH monitoring occasions (SFN and slot number)
First symbol index

(k = 0, 1, … 7)
0


[image: image63.wmf]SSB

C

SFN

SFN

=



[image: image64.wmf]SSB

C

n

n

=

 or 
[image: image65.wmf]1

SSB

C

-

=

n

n


For 
[image: image66.wmf]CORESET

symb

N

=1, 
0, 1, 2, 3, 0, 1 in 
[image: image67.wmf]k

i

8

=

, 
[image: image68.wmf]1

8

+

=

k

i

, 
[image: image69.wmf]2

8

+

=

k

i

, 
[image: image70.wmf]3

8

+

=

k

i

, 
[image: image71.wmf]6

8

+

=

k

i

, 
[image: image72.wmf]7

8

+

=

k

i

, (
[image: image73.wmf]SSB

C

n

n

=

)

3, 12, 13, 0, 1 in 
[image: image74.wmf]4

8

+

=

k

i

, 
[image: image75.wmf]5

8

+

=

k

i

(
[image: image76.wmf]1

SSB

C

-

=

n

n

)

For 
[image: image77.wmf]CORESET

symb

N

=2, 
0, 0, 2, 2, 0, 0 in 
[image: image78.wmf]k

i

8

=

, 
[image: image79.wmf]1

8

+

=

k

i

, 
[image: image80.wmf]2

8

+

=

k

i

, 
[image: image81.wmf]3

8

+

=

k

i

, 
[image: image82.wmf]6

8

+

=

k

i

, 
[image: image83.wmf]7

8

+

=

k

i

  (
[image: image84.wmf]SSB

C

n

n

=

)

12, 12 in , 
[image: image85.wmf]4

8

+

=

k

i

, 
[image: image86.wmf]5

8

+

=

k

i

(
[image: image87.wmf]1

SSB

C

-

=

n

n

)
1

Reserved
2

Reserved

3

Reserved
4

Reserved

5

Reserved
6

Reserved

7

Reserved
8

Reserved

9

Reserved
10

Reserved

11

Reserved
12

Reserved

13

Reserved
14

Reserved
15
Reserved




4 UE assumption on collision between actually transmitted SSB positions indication and slot configuration
4.1 Analysis of collision between actually transmitted SSB positions indication and slot configuration

Several cell specific frame structures have been discussed in previous meetings, different periods with configurable structure will be supported. 

An example of cell specific frame structure with 2 ms periodicity is shown in Fig.8. For 30 kHz SCS, there will be four slots with the order of ‘DDSU’ within 2 ms period. Considering mapping SS/PBCH blocks with 5 ms periodicity into the above frame structure, the usable SS/PBCH block resource is different within neighboring SS/PBCH burst set periods. For the first SS/PBCH burst set period, the indexes of usable SS/PBCH blocks are {0, 1, 2, 3, 4, 5}; For the second SS/PBCH burst set period, the indexes of usable SS/PBCH blocks are {0, 1, 4, 5, 6, 7}. 

How to indicate positions of actual transmitted SS/PBCH block in different SS/PBCH burst set periods? In the first SS/PBCH burst set period, indication bits will be 00xx xxxx, while indication bits will be xxxx 00xx for the second SS/PBCH burst set period. It can be found that the above indication bits will be different for neighboring SS/PBCH burst sets when any one of non-overlapping SS/PBCH blocks, i.e. {SSB2 and SSB3} in the first SS/PBCH burst set period and {SSB6 and SSB7} in the second SS/PBCH burst set period is actual transmitted. 
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Figure 8: the case of mapping SS/PBCH blocks with 30kHz pattern 1 into 2ms cell specific frame structure

There is only 8 bits for actual transmitted SS/PBCH block positions indication by SSB-transmitted or SSB-transmitted-SIB1. For keeping a common indication information for different SS/PBCH burst set period, and flexibility for non-overlapping SS/PBCH blocks transmission, the following principle can be adopted: the actually transmitted SS/PBCH block positions indicated by SSB-transmitted or SSB-transmitted-SIB1 are valid for those SS/PBCH blocks not in conflict with uplink resources indicated by higher layer parameter UL-DL-configuration-common or higher layer parameter UL-DL-configuration-dedicated. 

For the UE that detects SS/PBCH block within the first period, SSB6 or SSB7 may be indicated as an actually transmitted SS/PBCH block. The above collision will be inevitable when there is not a multiple relationship between 'SS burst set periodicity (e.g. 5ms)' and 'slot configuration periodicity (e.g. 2ms)', i.e. actually transmitted SSB positions indication by SSB-transmitted (or SSB-transmitted-SIB1) will be located into uplink resources configured by UL-DL-configuration-common (or UL-DL-configuration-dedicated).
So the following UE assumption on SS/PBCH block reception should be defined: 

For a set of symbols of a slot that are indicated as uplink by higher layer parameter UL-DL-configuration-common or, when provided, by higher layer parameter UL-DL-configuration-dedicated, the UE is not expected to be configured by higher layers to receive SS/PBCH block.

4.2 Proposed change for the issue 
Based on the above analysis, we propose the following text proposal.
-------------------------------------Text Proposal for subclause 11.1 in TS38.213----------------------------------

	11.1
Slot configuration

......

For a set of symbols of a slot that are indicated as uplink by higher layer parameter UL-DL-configuration-common or, when provided, by higher layer parameter UL-DL-configuration-dedicated, the UE is not expected to be indicated by a DCI format with CRC scrambled by C-RNTI or be configured by higher layers to receive PDCCH, PDSCH, or CSI-RS or SS/PBCH block in the set of symbols of the slot.

......


5 Conclusions

In this contribution, we mainly discussed  the remaining details of RMSI and give some proposals and text proposals on these related issues, including UE assumption on RMSI PDCCH rate matching around potential SS/PBCH blocks, 2OS search space supporting for multiplexing pattern2 and UE assumption on collision between actually transmitted SSB positions indication and slot configuration.
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