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1. Introduction
In last RAN2 meeting, the RMSI reception issue based on non-zero search space was discussed in [1]. The key issue is the UE behaviour is not clear if non-zero search space is configured for searchSpaceSIB1.
In R15, the beam sweeping is supported for SIB1/OSI/paging and the mapping between the SIB1/OSI/paging PDCCH monitoring occasions and SSBs is specified in RAN1 Spec and RAN2 Spec. However, after checking RAN1 spec and RAN2 spec, the case for non-zero search space for searchSpaceSIB1 is missing.

In last RAN2 meeting, some companies think the RRC configured TCI state can be used for RMSI reception [2], but no consensus. If it is true that RRC configured TCI state is used for RMSI reception, how about OSI reception? It is clear that the OSI reception is based on beam sweeping in the spec and no wording to say RRC configured TCI state based OSI reception is not allowed in the spec.
In this paper, we would like to discuss and confirm the issue further.

2. Discussion
In TS38.331, the dedicated BWP can be configured with common search space for SIB 1, i.e. searchSpaceSIB1 IE. The UE will follow 38.213 to receive SIB1. The searchSpaceSIB1 IE can be set to non-zero except initial BWP.
	5.2.2.3.1
Acquisition of MIB and SIB1
===omit some text====
1>
if the UE is in RRC_CONNECTED with an active BWP with common search space configured by searchSpaceSIB1 and pagingSearchSpace and has received an indication about change of system information; or
1>
if the UE is in RRC_CONNECTED with an active BWP with common search space configured by searchSpaceSIB1 and the UE has not stored a valid version of a SIB or posSIB, in accordance with sub-clause 5.2.2.2.1, of one or several required SIB(s) or posSIB(s) in accordance with sub-clause 5.2.2.1, and, UE has not acquired SIB1 in current modification period; or

1>
if the UE is in RRC_IDLE or in RRC_INACTIVE; or

1>
if the UE is in RRC_CONNECTED while T311 is running:

2>
if ssb-SubcarrierOffset indicates SIB1 is transmitted in the cell (TS 38.213 [13]) and if SIB1 acquisition is required for the UE:

3>
acquire the SIB1, which is scheduled as specified in TS 38.213 [13];
===omit some text====


	5.3.5.3
Reception of an RRCReconfiguration by the UE
===omit some text====
3>
if RRCReconfiguration does not include dedicatedSIB1-Delivery and

3>
if the active downlink BWP, which is indicated by the firstActiveDownlinkBWP-Id for the target SpCell of the MCG, has a common search space configured by searchSpaceSIB1:
4>
acquire the SIB1, which is scheduled as specified in TS 38.213 [13], of the target SpCell of the MCG;

4>
upon acquiring SIB1, perform the actions specified in clause 5.2.2.4.2;

===omit some text====


	PDCCH-ConfigCommon ::=              SEQUENCE {

    controlResourceSetZero              ControlResourceSetZero                                  OPTIONAL,   -- Cond InitialBWP-Only

    commonControlResourceSet            ControlResourceSet                                      OPTIONAL,   -- Need R

    searchSpaceZero                     SearchSpaceZero                                         OPTIONAL,   -- Cond InitialBWP-Only

    commonSearchSpaceList               SEQUENCE (SIZE(1..4)) OF SearchSpace                    OPTIONAL,   -- Need R

    searchSpaceSIB1                     SearchSpaceId                                           OPTIONAL,   -- Need S
    searchSpaceOtherSystemInformation   SearchSpaceId                                           OPTIONAL,   -- Need S

    pagingSearchSpace                   SearchSpaceId                                           OPTIONAL,   -- Need S

    ra-SearchSpace                      SearchSpaceId                                           OPTIONAL,   -- Need S

    ...,

====omit some IEs====
}

SearchSpaceId ::=                   INTEGER (0..maxNrofSearchSpaces-1)

maxNrofSearchSpaces-1                   INTEGER ::= 39      -- Max number of Search Spaces minus 1

searchSpaceSIB1
ID of the search space for SIB1 message. In the initial DL BWP of the UE′s PCell, the network sets this field to 0. If the field is absent, the UE does not receive SIB1 in this BWP. (see TS 38.213 [13], clause 10)


Observation 1: Dedicated BWP can be configured with common search space for SIB 1, i.e. searchSpaceSIB1 IE and UE will follow 38.213 to receive SIB1. 
Observation 2: The searchSpaceSIB1 IE can be set to non-zero except initial BWP.
In TS 38.331, searchSpaceOtherSystemInformation IE is configured for OSI, if searchSpaceOtherSystemInformation IE is set to 0, the TS38.213 will specify the mapping between PDCCH monitoring occasions and SSBs. Otherwise, the TS 38.331 will specify the mapping between PDCCH monitoring occasions and SSBs in SI window.
	5.2.2.3.2
Acquisition of an SI message

For SI message acquisition PDCCH monitoring occasion(s) are determined according to searchSpaceOtherSystemInformation. If searchSpaceOtherSystemInformation is set to zero, PDCCH monitoring occasions for SI message reception in SI-window are same as PDCCH monitoring occasions for SIB1 where the mapping between PDCCH monitoring occasions and SSBs is specified in TS 38.213[13]. If searchSpaceOtherSystemInformation is not set to zero, PDCCH monitoring occasions for SI message are determined based on search space indicated by searchSpaceOtherSystemInformation. PDCCH monitoring occasions for SI message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SI window. The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2 …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation.


Observation 3: For OSI, if searchSpaceOtherSystemInformation IE is set to 0, TS 38.213 will specify the mapping between OSI PDCCH monitoring occasions and SSBs. Otherwise, the TS 38.331 will specify.
In TS 38.213, it seems that only the search space zero case is captured for the mapping between PDCCH monitoring occasions and SSBs in RAN1 spec.
	13
UE procedure for monitoring Type0-PDCCH CSS sets

If during cell search a UE determines from MIB that a CORESET for Type0-PDCCH CSS set is present, as described in Clause 4.1, the UE determines a number of consecutive resource blocks and a number of consecutive symbols for the CORESET of the Type0-PDCCH CSS set from controlResourceSetZero in pdcch-ConfigSIB1, as described in Tables 13-1 through 13-10, for operation without shared spectrum channel access, or as described in Tables 13-1A and 13-4A for operation with shared spectrum channel access, and determines PDCCH monitoring occasions from searchSpaceZero in pdcch-ConfigSIB1, included in MIB, as described in Tables 13-11 through 13-15. [image: image1.wmf]C
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	10.1
UE procedure for determining physical downlink control channel assignment 

A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets

-
a Type0-PDCCH CSS set configured by pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-
a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
===omit some text====
For a DL BWP, if a UE is not provided searchSpaceSIB1 for Type0-PDCCH CSS set by PDCCH-ConfigCommon, the UE does not monitor PDCCH candidates for a Type0-PDCCH CSS set on the DL BWP. The Type0-PDCCH CSS set is defined by the CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level given in Table 10.1-1. If the active DL BWP and the initial DL BWP have same SCS and same CP length and the active DL BWP includes all RBs of the CORESET with index 0, or the active DL BWP is the initial DL BWP, the CORESET configured for Type0-PDCCH CSS set has CORESET index 0 and the Type0-PDCCH CSS set has search space set index 0. 


Observation 4: RAN1 spec does not specify the mapping between RMSI PDCCH monitoring occasions and SSBs when searchSpaceSIB1 is set to non-zero.
In last RAN2 meeting, some companies propose to use the RRC configured TCI state for RMSI reception. However, there is any wording to say it in the spec, it is just companies’ understanding.
Even if it is true that RRC configured TCI state is used for RMSI reception when non-zero search space is configured for RMSI. We wonder how about OSI reception in this case? It is clear that the OSI reception is based on beam sweeping in the spec and no wording to say RRC configured TCI state based OSI reception is not allowed in the spec. If so, there are 2 solution for OSI reception.

Solution 1: use active TCI state of PDCCH to send DCI scrambled with SI-RNTI for OSI. Then use TCI state of PDSCH to receive PDSCH of OSI.

Solution 2: send OSI based on beam sweeping according to TS38.331 section 5.2.2.3.2.

	
	RRC_IDLE/INACTIVE UE
	RRC_CONNECTED UE

	RMSI
	Beam sweeping via initial DL BWP
	(1) Beam sweeping via active DL BWP if common search space is configured and the search space is zero. (specified in RAN1.

(2) If non-zero search space is configured, it is not clear and no text to specify in any spec. some companies said that RRC configured TCI state is used.

	OSI
	Beam sweeping via initial DL BWP
	(1) Beam sweeping via active DL BWP if common search space is configured no matter the search space is zero or not. 
· For zero search space, it is specified in RAN1 spec.

· For non-zero search space, it is specified in RAN2 spec.
(2) It is not clear whether RRC configured TCI state can also be used?

	paging
	Beam sweeping via initial DL BWP
	(1) Beam sweeping via active DL BWP if common search space is configured no matter the search space is zero or not. 

· For zero search space, it is specified in RAN1 spec.

· For non-zero search space, it is specified in RAN2 spec.
(2) It is not clear whether RRC configured TCI state can also be used?


However, it is not clear for the UE which solution the network use? Whether there is a case that the UE consider a good beam for OSI is not the one the network use if network use solution 1 and UE use solution 2? If so, the UE will fail to receive OSI.
Proposal 1: RAN2 is kindly asked to confirm the UE behavior of reception of both RMSI and OSI respectively when non-zero search space is configured for RMSI/OSI.

If RAN2 agree that RMSI reception will be based on RRC configured TCI state, we propose to capture a note in RAN1 or RAN2 spec to make the text clear.

If RAN2 agree that RMSI reception will be based on beam sweeping, there are 2 options to fix the issue:
Option 1: RAN2 clarify that the searchSpaceSIB1 IE can only be set to zero for both initial DL BWP and dedicated BWP if configured.
==============begin of text change======

Under PDCCH-ConfigCommon IE:

	searchSpaceSIB1
ID of the search space for SIB1 message. In the UE′s PCell, the network sets this field to 0. If the field is absent, the UE does not receive SIB1 in this BWP. (see TS 38.213 [13], clause 10)

	searchSpaceZero
Parameters of the common SearchSpace#0. The values are interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. Even though this field is only configured in the initial BWP (BWP#0), searchSpaceZero can be used in search spaces configured in other DL BWP(s) than the initial DL BWP if the conditions described in TS 38.213 [13], clause 10, are satisfied.


==============end text change==========

Option 2: RAN2 capture text for the mapping between RMSI PDCCH occasion and SSBs as OSI did if searchSpaceSIB1 is set to non-zero.
==============begin of text change======
5.2.2.3.1
Acquisition of MIB and SIB1

For SIB1 message acquisition PDCCH monitoring occasion(s) are determined according to pdcch-ConfigSIB1 or searchSpaceSIB1. If pdcch-ConfigSIB1 is used or searchSpaceSIB1 is set to zero, PDCCH monitoring occasions for SIB1 message reception in SIB1 period is specified in TS 38.213[13]. If searchSpaceSIB1is not set to zero, PDCCH monitoring occasions for SIB1 message are determined based on search space indicated by searchSpaceSIB1. PDCCH monitoring occasions for SIB1 message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SIB period. The [x×N+K]th PDCCH monitoring occasion (s) for SIB1 message in SIB1 period corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SIB1 period/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SIB1 period, PDCCH for an SIB1 message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SIB1 messages is up to UE implementation.
The UE shall:
1>
apply the specified BCCH configuration defined in 9.1.1.1;

1> if the UE is in RRC_IDLE or in RRC_INACTIVE; or

====omit some text====
==============end text change==========
	searchSpaceZero
Parameters of the common SearchSpace#0. The values are interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. Even though this field is only configured in the initial BWP (BWP#0), searchSpaceZero can be used in search spaces configured in other DL BWP(s) than the initial DL BWP if the conditions described in TS 38.213 [13], clause 10, are satisfied.


In TS 38.213, it says that only the BWP includes all RSs of the CORESET#0 or the BWP is initial DL BWP, then the zero search space can be configured for the BWP. The below text is copied from TS 38.213.

If the active DL BWP and the initial DL BWP have same SCS and same CP length and the active DL BWP includes all RBs of the CORESET with index 0, or the active DL BWP is the initial DL BWP, the CORESET configured for Type0-PDCCH CSS set has CORESET index 0 and the Type0-PDCCH CSS set has search space set index 0.
For option 1, only some BWP meet the conditions specified in TR 38.213 can be configured with zero search space as field description of zero search space. However, there is some BWPs may does not meet the condition and zero search space cannot be configured and common search space cannot be configured for the BWP.
Proposal 2a: If RAN2 agree that RMSI reception will be based on RRC configured TCI state, we propose to capture a note for both RMSI and OSI in RAN1 or RAN2 spec to make the text clear.
Proposal 2b: If RAN2 agree that RMSI reception will be based on beam sweeping, RAN2 is kindly asked to discuss the issue and agree a way forward.
· Option 1: RAN2 clarify that the searchSpaceSIB1 IE can only be set to zero for both initial DL BWP and dedicated BWP if configured.
· Option 2: RAN2 capture text for the mapping between RMSI PDCCH occasion and SSBs as OSI did if searchSpaceSIB1 is set to non-zero.
3 Conclusions

Based on the discussion above, we get the following observations:
Observation 1: Dedicated BWP can be configured with common search space for SIB 1, i.e. searchSpaceSIB1 IE and UE will follow 38.213 to receive SIB1. 
Observation 2: The searchSpaceSIB1 IE can be set to non-zero except initial BWP.
Observation 3: For OSI, if searchSpaceOtherSystemInformation IE is set to 0, TS 38.213 will specify the mapping between OSI PDCCH monitoring occasions and SSBs. Otherwise, the TS 38.331 will specify.

Observation 4: RAN1 spec does not specify the mapping between RMSI PDCCH monitoring occasions and SSBs when searchSpaceSIB1 is set to non-zero.
Based on the observations above, we propose:
Proposal 1: RAN2 is kindly asked to confirm the UE behavior of reception of both RMSI and OSI respectively when non-zero search space is configured for RMSI/OSI.

Proposal 2a: If RAN2 agree that RMSI reception will be based on RRC configured TCI state, we propose to capture a note for both RMSI and OSI in RAN1 or RAN2 spec to make the text clear.
Proposal 2b: If RAN2 agree that RMSI reception will be based on beam sweeping, RAN2 is kindly asked to discuss the issue and agree a way forward.
· Option 1: RAN2 clarify that the searchSpaceSIB1 IE can only be set to zero for both initial DL BWP and dedicated BWP if configured.
· Option 2: RAN2 capture text for the mapping between RMSI PDCCH occasion and SSBs as OSI did if searchSpaceSIB1 is set to non-zero.
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