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1. Introduction
In this contribution, we discuss remaining details on RMSI PDSCH transmission and CORESET for RMSI PDCCH with the focus on finalizing the CORESET configuration signaling in NR PBCH. During the email

2. Incomplete Parameter Configuration for RMSI CORESET signaling
In order to receive PDCCH that contain RMSI scheduling information, UE requires all the PDCCH related configuration, namely CORESET configuration information and search space configuration information. The following are list of parameters needed for reception of PDCCH that contains RMSI scheduling information and whether parameter has been concluded or agreed to be signaled in RAN1.
CORESET configuration information:
-	CORESET-ID: missing and not concluded in RAN1
-	PDCCH-DMRS-Scrambling-ID: missing and not concluded in RAN1
-	CORESET-time-duration: signaled by PBCH
-	CORESET-freq-dom: signaled by PBCH
-	CORESET-CCE-to-REG-mapping-type: missing and not concluded in RAN1
-	CORESET-REG-bundle-size: concluded to be set to 6 in RAN1.
-	CORESET-shift-index: cell-ID (already captured in 38.211)
-	TCI-StatesPDCCH: missing and not concluded in RAN1
-	TCI-PresentInDCI : missing and not concluded in RAN1
-	CORESET-precoder-granularity: missing and not concluded in RAN1
Search Spacing configuration information, search-space-config:
-	Common-search-space-flag: missing and not concluded but obviously should be set to common search space.
-	Aggregation-level-1: set to 0 candidates in 38.213 v2.0.0
-	Aggregation-level-2: set to 0 candidates in 38.213 v2.0.0
-	Aggregation-level-4: set to 4 candidates in 38.213 v2.0.0
-	Aggregation-level-8: set to 2 candidates in 38.213 v2.0.0
-	Aggregation-level-16:  missing and not concluded in RAN1
-	Monitoring-periodicity-PDCCH-slot: fixed in specification and stated in 38.213 v2.0.0
-	Monitoring-offset-PDCCH-slot: signaled by PBCH
-	Monitoring-symbols-PDCCH-within-slot: signaled by PBCH  

We propose to define default values for the CORESET configuration information and search space information for RMSI PDCCH as follows:

Proposal 1:
·  Agree to following default values for PDCCH related parameters for RMSI.

	Parameter
	Proposed values for RMSI PDCCH
	Notes

	CORESET-ID
	Set to 0
	

	PDCCH-DMRS-Scrambling-ID
	Set to nIDcell (i.e. cell ID)
	

	CORESET-time-duration
	Signaled in PBCH 
	Already captured in spec

	CORESET-freq-dom
	Signaled in PBCH
	Already captured in spec

	CORESET-CCE-to-REG-mapping-type
	Set to interleaved
	

	CORESET-REG-bundle-size
	Set to 6 
	Already captured in spec

	CORESET-shift-index
	Set to nIDcell 
	Already captured in spec

	TCI-StatesPDCCH
	Set to not indicated (empty list)
	

	TCI-PresentInDCI
	Set to not-present
	

	CORESET-precoder-granularity
	Set to CORESET-REG-bundle-size
	

	Common-search-space-flag
	Set to common-search-space
	

	Aggregation-level-1
	Set to 0
	Already captured in spec

	Aggregation-level-2
	Set to 0
	Already captured in spec

	Aggregation-level-4
	Set to 4
	Already captured in spec

	Aggregation-level-8
	Set to 2
	Already captured in spec

	Aggregation-level-16
	Set to 1
	

	Monitoring-periodicity-PDCCH-slot
	Defined in 38.213 
	Already captured in spec

	Monitoring-offset-PDCCH-slot
	Signaled in PBCH 
	Already captured in spec

	Monitoring-symbols-PDCCH-within-slot
	Signaled in PBCH 
	Already captured in spec




3.  Corrections to RMSI CORESET signaling
The current 38.213 contain few ambiguities and errors regarding the UE procedure for monitoring Type0-PDCCH common search space. 

Issue 1) slot indexing without considering subcarrier spacing
The first issue is the slot indexing when CORESET subcarrier spacing and SSB subcarrier spacing is different. Currently, nC and and nSSB are used to denote slot index of PDCCH search space monitoring slots and SSB containing slots. In case they are different, for example in Table 13-11, they need to have a scaling factor for the slot index, otherwise it can refer to the wrong slot index.

Issue 2) Some ambiguity on how the signaling in PBCH, RMSI-PDCCH-Config, map to CORESET and search space parameters.
The second issue is that in Section 10.1, all parameters needed to correctly received PDCCH is listed. However, from section 13, it is not clear how RMSI-PDCCH-Config parameter maps and sets certain relevant parameters listed. For example, Monitoring-periodicity-PDCCH-slot, and Monitoring-offset-PDCCH-slot provide information on the periodicity and slot offset of the control resource, and part of the last 4 bits of RMSI-PDCCH-Config does provide this information. Therefore, the specification could have simply provided a mapping between the second 4 bits of the RMSI-PDCCH-Config and those parameters. However, the search space description for Type0 is written quite differently from rest of the common search spacing, which make it slightly confusing.

Issue 3) Control resource configuration for pattern 2 and pattern 3
The third issue is the search spacing monitoring period for pattern 2 and 3 are quite different from pattern 1 as per agreement in RAN1 #91. Control resources for pattern 1 repeat every 20 msec, while control resources for pattern 2 and 3 repeat every SS/PBCH block periodicity. This is not correctly captured in the current specification. 
The start OFDM symbol indexing of pattern 2 and pattern 3 is not correctly described. This is actually a mistake in the working assumption made in RAN1 #91. The specification correctly captured the working assumption. Unfortunately, the working assumption contained errors.
In case of SSB and RMSI SCS of {240kHz, 120kHz}, it would not be possible to support 2 OFDM symbol duration CORESET configuration. Therefore, entries need to be removed.
Proposal 2:
·  Agree to following text proposal

====== Proposed text changes to 38.213 v2.0.0 ========
[bookmark: _Ref500334477][bookmark: _Toc501054906]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  and  are the SFN and slot of the control resource set based on subcarrier spacing of the control resource set and  and  are the SFN and slot of the SS/PBCH block with index i based on subcarrier spacing of SS/PBCH block, respectively.   
The offset in Tables 13-1 through 13-8 is defined with respect to the subcarrier spacing of the control resource set and is the difference between the smallest RB index of the SS/PBCH block and the smallest RB index of the control resource set for Type0-PDCCH common search space. Condition A or condition B in Tables 13-1 through 13-8 corresponds to the case of PRG [6, TS 38.214] alignment or non-alignment, respectively, between SS/PBCH block RBs and RBs of the control resource set for Type0-PDCCH common search space. 
















For athe  first SS/PBCH block and control resource set (CORESET) multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH common search space over two consecutive slots  with PDCCH monitoring periodicity of  slots for a SS/PBCH block with index i.  For SS/PBCH block with index , the UE determines an index of the first slot , which corresponds to the PDCCH monitoring offset of , as  located in a frame with system frame number, (SFN), , satisfying  if , or in a frame with SFN satisfying  if , where parameter M, O are provided by Tables 13-9 and 13-10. The UE also determines the an index of the first symbol(s) of the control resource set within slot , by the first symbol index provided by Table Tables 13-9 and 13-10.





For the SS/PBCH block and control resource set (CORESET) multiplexing pattern 2 and 3, a UE monitors PDCCH in the Type0-PDCCH common search space over one slot, , with PDCCH monitoring periodicity of  slots equal to the periodicity of SS/PBCH block, for a SS/PBCH block with index i.  For SS/PBCH block with index , the UE determines an index of the slot  and SFN  based on parameter provided by Tables 13-11 through 13-13.
<omit table 13-1>
<omit table 13-2>
<omit table 13-3>
<omit table 13-4>
<omit table 13-5>
Table 13-6: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {120, 120} kHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	4

	2
	1 
	48
	1
	14

	3
	1 
	48
	2
	14

	4
	3 
	48
	32
	-20 if condition A 
-21 if condition B

	5
	3 
	48
	23
	24

	6
	3 
	96
	21
	-20 if condition A 
-21 if condition B

	7
	3 
	96
	2
	48

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



<omit table 13-7>
Table 13-8: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {240, 120} kHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	48
	1
	0

	1
	1
	48
	1
	8

	2
	1
	48
	2
	0

	3
	1
	48
	2
	8

	4
	2
	24 
	1
	-41 if condition A 
-42 if condition B

	5
	2
	24 
	1
	25 

	6
	2
	24 48
	21
	-41 if condition A 
-42 if condition B

	7
	2
	24 48
	21
	25

	8
	2
	48
	1
	-41 if condition A 
-42 if condition B

	9
	2
	48
	1
	49

	10
	2
	48
	2
	-41 if condition A 
-42 if condition B

	11
	2	Comment by Lee, Daewon: 2 OFDM symbol duration CORESET cannot be supported when RMSI is 120kHz and SS/PBCH is 240kHz.
	48
	2
	49

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



<omit table 13-9>
<omit table 13-10>
Table 13-11: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing type 2 and {SS/PBCH block, PDCCH} subcarrier spacing {120, 60} kHz 
	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index
(k = 0, 1, … 15)

	0
	




 
	0, 1, 6, 7 for




, , , 

	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



Table 13-12: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing type 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, … 15)

	0
	






 or 
	





0, 1, 2, 3 in , , ,  (with)







3, 12, 13, 0, 1 in , , , ,  (with )



0, 1 in ,  (with )

	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



Table 13-13: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing type 3 and {SS/PBCH block, PDCCH} subcarrier spacing {120, 120} kHz 
	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index
(k = 0, 1, … 15)

	0
	




 
	4, 8, 2, 6 in




, , , 

	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




====== End of proposed text changes ==============

4. Additional Configurations to RMSI CORESET signaling
Given the number of states available in the RMSI COREST signaling, NR can support few more RMSI CORESET signaling cases. The following is a CORESET and search spacing signaling case that we believe will be useful but not currently supported:
· 2 OFDM symbol CORESET duration with 120kHz SCS for RMSI and 120kHz SCS for SS/PBCH block in pattern 2. 
· This scenario is actually captured in the working assumption figure in RAN1 #91. However, it did not get written into the tables.

Proposal 3:
·  Agree to following text proposal

====== Proposed text changes to 38.213 v2.0.0 ========
13	UE procedure for monitoring Type0-PDCCH common search space 
<omitted>
Table 13-6: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {120, 120} kHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	4

	2
	1 
	48
	1
	14

	3
	1 
	48
	2
	14

	4
	3 
	48
	32
	-20 if condition A 
-21 if condition B

	5
	3 
	48
	23
	24

	6
	3 
	96
	21
	-20 if condition A 
-21 if condition B

	7
	3 
	96
	2
	48

	8
	Reserved2 
	48
	2
	-20 if condition A
-21 if condition B

	9
	Reserved2
	48
	2
	24

	10
	Reserved2
	96
	2
	-20 if condition A
-21 if condition B

	11
	Reserved2
	96
	2
	48

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



<omitted>
Table 13-14: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing type 2 and {SS/PBCH block, PDCCH} subcarrier spacing {120, 120} kHz 
	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index
(k = 0, 1, … 15)

	0
	



or 
	


0,  2 in , , (with)


12, in  (with )


0 in  (with )

	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




====== End of proposed text changes ==============


5. [bookmark: _GoBack]Discussion on DMRS sequence for PDCCH from the CORESET configured by PBCH
In 3GPP RAN1#91 the following agreement was reached regarding DMRS sequence initialization for PDCCH from the CORESET configured by PBCH (e.g., RMSI CORESET):
	Agreements:
· For each CORESET configured by PBCH, physical cell ID is used for DMRS sequence initialization



If only cell ID is used for initialization, then for a particular pair of cells there may be a probability to get a high cross-correlation value between corresponding DMRS sequences. To illustrate this, we collected partial cross-correlation values between DMRS for two cells with proportional cell ID values, i.e., PCID2 = 2*PCID1. The resulting CDF curve is provided in Figure 1. Moreover, the cross-correlation does not change in time because cell ID values are constant. As the cross-correlation and inter-cell interference are related to each other, this means the interference is static over time. It’s well known that inter-cell interference issues on DMRS REs may significantly affect the channel estimation performance and overall coherent demodulation of the corresponding PDCCH. Therefore to us it’s beneficial to introduce time variability into DMRS generation, for example, during the initialization process.
However, simple introduction of slot/OFDM symbol dependent terms into the sequence initialization does not work for PDCCH DMRS corresponding to RMSI CORESET. This is because for a particular SS/PBCH block the RMSI CORESET transmission can occur only within a monitoring window which location is determined by CORESET configuration from PBCH payload and SS/PBCH block index and which repeats with 20 ms periodicity.
[image: ]
[bookmark: _Ref503460255]Figure 1. Example of partial cross-correlation distribution

As the window occupies the same set of OFDM symbols in the same NR slots for the detected SS/PBCH block, we propose to use the system frame number (SFN) to randomize over time the interference on DMRS REs. For that purpose, the combining of cell ID and SFN parameters should be done in a non-linear way, for example, :
Proposal 4:
· For PDCCH DM-RS sequence generation, include the following text in [Section 7.4.1.3.1, 3]
·  nID = nIDcell for CORESET configured by PBCH

The pseudo-random sequence generator shall be initialised with





at the start of first PDCCH OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter PDCCH-DMRS-ScramblingID.



6. Conclusions
In this contribution, we discussed the remaining details of RMSI design. Our proposals are summarized as below:
Proposal 1:
·  Agree to following default values for PDCCH related parameters for RMSI.

	Parameter
	Proposed values for RMSI PDCCH
	Notes

	CORESET-ID
	Set to 0
	

	PDCCH-DMRS-Scrambling-ID
	Set to nIDcell (i.e. cell ID)
	

	CORESET-time-duration
	Signaled in PBCH 
	Already captured in spec

	CORESET-freq-dom
	Signaled in PBCH
	Already captured in spec

	CORESET-CCE-to-REG-mapping-type
	Set to interleaved
	

	CORESET-REG-bundle-size
	Set to 6 
	Already captured in spec

	CORESET-shift-index
	Set to nIDcell 
	Already captured in spec

	TCI-StatesPDCCH
	Set to not indicated (empty list)
	

	TCI-PresentInDCI
	Set to not-present
	

	CORESET-precoder-granularity
	Set to CORESET-REG-bundle-size
	

	Common-search-space-flag
	Set to common-search-space
	

	Aggregation-level-1
	Set to 0
	Already captured in spec

	Aggregation-level-2
	Set to 0
	Already captured in spec

	Aggregation-level-4
	Set to 4
	Already captured in spec

	Aggregation-level-8
	Set to 2
	Already captured in spec

	Aggregation-level-16
	Set to 1
	

	Monitoring-periodicity-PDCCH-slot
	Defined in 38.213 
	Already captured in spec

	Monitoring-offset-PDCCH-slot
	Signaled in PBCH 
	Already captured in spec

	Monitoring-symbols-PDCCH-within-slot
	Signaled in PBCH 
	Already captured in spec



Proposal 2:
· Agree on proposed text changes shown in section 3 of this contribution (R1-1800298)

Proposal 2:
· Agree on text proposal shown in section 4 of this contribution (R1-1800298)

Proposal 4:
· For PDCCH DM-RS sequence generation, include the following text in [Section 7.4.1.3.1, 3]
·  nID = nIDcell for CORESET configured by PBCH

The pseudo-random sequence generator shall be initialised with





at the start of first PDCCH OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter PDCCH-DMRS-ScramblingID.




Reference
[1] [bookmark: _Ref494650050][bookmark: _Ref494378137][bookmark: _Ref492632963][bookmark: _Ref490149707]Chairman’s notes, 3GPP RAN1 # 2017.
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