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1. Introduction
From RAN1#89, the following were agreed related to SS blocks configuration for wideband operations - 
Agreements:
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for  CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))
· [bookmark: _GoBack]UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling
· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement
· FFS: Details of measurement configuration
Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, RAN1 will select one or more alternative(s) from followings in the next meeting
· Alt. 1: CORESET for RMSI scheduling and NR-PDSCH for RMSI are confined within the BW of one NR-PBCH
· Alt. 2: CORESET for RMSI scheduling is confined within the BW of one NR-PBCH and NR-PDSCH for RMSI is not confined within the BW of one NR-PBCH
Alt. 3: CORESET for RMSI scheduling and NR-PDSCH for RMSI are not confined within the BW of one NR-PBCH

This contribution considers aspects related to configuration of multiple SS blocks for the wideband operation
1. Multiple SS Blocks
As part of the wideband operations support, the following implementation cases have been identified in RAN4.
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Figure: Several possible implementations for wideband operations
Among these, Case-3 is peculiar deserves additional attention. Note that in Case-3, the UE supports a wider bandwidth spectrum using two different RF chains. This is similar to the implementation of LTE intra-band carrier aggregation from UE perspective, but note that from the gNB perspective this is one single wideband carrier. Several issues related to synchronization of the multiple RF chains at the UE side have to be addressed in order to support such an implementation since it has been agreed in RAN1 to support both wideband UE’s and UE with Case-3 support (termed as CA UE in the agreements). Specifically, it has been identified that multiple SS blocks may be needed to support Case-3 from a UE perspective and hence single or multiple SS blocks must be supported by the gNB within one wideband carrier. In this contribution, we discuss various aspects related to configuration, indication, contents of these SS blocks in a wideband carrier. 
Note that, given a wideband carrier, it is up to the network implementation to decide whether one or multiple SS blocks are supported as it may impact the UE camping time (as the UE may have to scan a lot of frequencies before it can find the SS block within a wideband carrier). The issue under discussion in this contribution is from a UE perspective, specifically Case-3 UE support and whether it needs multiple SS blocks for its operations. 
1 
2 
Which UE needs them?

As shown in [2], 1 SS signal of sufficient BW is enough to support a very wide BW measurements. Hence, for a wideband carrier of the order of ~400MHz, 1 sync signal of appropriate BW is sufficient for measurements. Since the current RAN1 support is for BW up to 400MHz, a wideband capable UE does not need more than 1 SS block for measurements. Along similar lines, a narrow band capable UE, does not need multiple SS blocks for measurements. Also for a UE which has 1 RF chain that can support multiple separated BW as shown in Fig 1, then additional synch signals are not needed for this UE. 
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Fig 1: 1 RF chain supporting multiple separated BW and uses only 1 SS block

Observation 1: A Wideband UE and narrowband UE do not need multiple SS blocks. 

The other type of UE is the Case-3 capable UE. For such a UE, the questions to be addressed are -- How will 2 different RF chains be synchronized? Can information be shared across RF chains regarding synch information? Can tracking RS be used for the synch of one of the RF chains? 

Currently tracking RS is under discussion in RAN1 and no decision has been made so far. CSI-RS for L3 mobility may not be suitable for synch measurements concerning its time-frequency density. Tracking RS may follow the configuration of L3 CSI-RS but needs higher time and frequency density to support synch measurements. If however, tracking RS is not agreed in RAN1, then additional mechanisms are needed to allow for synchronization across the RF chains that support a wider carrier BW. This is similar to the synchronization in a LTE-CA scenario. 
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Fig 1: 2 RF chains supporting separated BW and uses multiple SS blocks

RAN1 needs to ask RAN4 under what conditions 1 SS block in one BW, may be shared across RF chains. If it is deemed to be not feasible under certain conditions, then the gNB must provide support for multiple SS blocks for these UEs. 

Proposal 1: Send an LS to RAN4 to ask whether it is feasible to use SS blocks on one BW part received with one RF chain for acquiring synchronization on another BW part received with another RF chain. If it is not feasible under some conditions, configuration of multiple SS blocks on multiple BW parts should be supported.


When does a UE need them?

A UE does not support wide BW right from initial access stage. Typically only when there are very high date rate requirements, a UE can operate with wider BW. Further, concerning the concepts of TCP slow start, there is further no motivation to use wider BW from initial access stage. Further the UE capability is indicated at the RRC Connection stage and it can indicate as WB, NB or Case-3 UE. Depending on the UE capability and on a need basis, the network can configure additional SS blocks for the UE. Therefore, there is no motivation to indicate the presence or absence of multiple SS blocks within a wideband carrier via RMSI/OSI. Therefore, only UE specific semi-static and /or dynamic indication of SS block locations is enough. 

Proposal 2: For the indication of actually transmitted SS blocks for the BW parts other than “the anchor BW part” which corresponds to the one UE acquired sync, UE specific semi-static and /or dynamic indication of SS block locations should be supported. Indication via RMSI/OSI is not necessary.

So we expect the following procedure to be followed (example shown in Fig 3):

a) A UE finds a SS block within a wideband carrier and performs initial access using the configurations obtained from the PBCH, RMSI etc. At this stage UE does not need to know of the NW BW or other SS blocks etc.
b) UE indicates its capability – WB/NB/Case-3 type. If it is a Case-3 UE the network can activate multiple SS blocks to enable the UE measurements. At this stage multiple SS blocks are activated in the network
c) A new UE which enters the network can rely on any these existing SS blocks to camp on to the network. This indicates that each SS block must be self-reliable. 

Therefore, at t=0 there is only 1 SS block inside a wideband carrier; but later on multiple SS blocks may be activated and they can support UE’s independently until de-activated by the gNB when deemed not necessary (for example when no UE needs it). 
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Fig 3: Operations of various UE’s in a wideband carrier

Anchor BW part 

From the initial access, a UE acquires sync using SS blocks in a BW part. These SS blocks are referred to “default SS blocks” and the BW part is referred to an “anchor BW part.” A default SS blocks and the anchor BW part may be determined in a UE specific manner, and they are used for the UE’s normal mode of operations. 

For example, the wideband UE has one default SS block location in an anchor BW part; and the locations of all the other SS blocks in the other BW parts can be indicated for UE’s applying rate matching. 

Similarly, a NB UE and Case-3 UE can rely on the default SS block in the anchor BW part for measurements and fallback mode of operations [3] when no other SS block locations (in the other BW parts) is indicated to them. For the case of load balancing, the anchor BW part can be changed across time and hence the UE may be indicated that its default SS block location is changed over time. 

Proposal 3: A UE can be configured with an “anchor BW part,” using which the UE acquires sync.

Proposal 4: The “anchor BW part” may be UE-specifically updated. 

Which UE needs to be indicated of the SS block locations?

All wideband UE’s need to be indicated of the location of the SS blocks within the wideband carrier in order to perform rate-matching around the locations of these SS blocks. Note that puncturing will degrade the UE performance. Hence, a wideband UE must rate match around the locations of the other SS blocks. 

Proposal 5: Wideband UE can be configured to perform rate matching around the SS blocks transmitted in all the BW parts in the wideband carrier.

It is expected that the NB UE will receive only 1 SS block within its BW and no information is needed for this UE about the location of other SS blocks. However for the RRM measurements, when an SS block is not present inside this NB UE BW, then it will be provided support with retuning gaps (similar to eMTC) for supporting SS block based mobility. Case-3 UE is anyways indicated of the locations of the SS blocks as it needs them for its measurements. These default SS block locations can also support paging operations in a wideband carrier and support paging load balancing. 

Contents and Behavior of multiple SS Blocks

Cell-Id carried by PSS/SSS:

In LTE, each component carrier has a cell-Id associated with it. Measurements are performed based on this mapping. However, the cell-Id carried by the multiple SS blocks in the NR wideband carrier may be same or different and this will impact several mechanisms that are associated. 

If the cell-Id is same across the multiple SS blocks, the whole wideband carrier may be identified as one cell. Furthermore, as mentioned in [2], one SS block can support wideband cell measurements. Hence it is not clear why different cell-Id needs to be supported within one wideband carrier. When same cell-Id is carried by all the SS blocks, it must be further studied where the location of the SS blocks can be present (in frequency) for the neighbor cell as there are multiple SS blocks in the serving wideband carrier. 

Proposal 6: Wideband UE can be configured to use the default SS blocks in the anchor BW part for RRM measurements of the wideband serving cell. 

If the cell-Id is different across SS blocks, the definition of the cell within this wideband carrier must be identified. In such a case, our understanding is that all BW parts that share the same SS block may be identified as one cell. Hence, some mapping rules must be defined. Any measurements beyond these BW parts will be treated as inter-cell/ inter frequency measurements. This cell definition is not UE specific since the configured SS blocks may be used by all the UEs that will be present in the wideband carrier. If a UE is configured to multiple BW parts with different cell Id’s, then operation can follow the LTE carrier aggregation principles. 

Observation 2: While the cell-Id carried by the multiple SS blocks may be decided by the gNB, the associated procedures for the UE must be appropriately clarified especially when the cell-Id is different across SS blocks. 


PBCH contents of multiple SS Blocks

Proposal 7: The following principles for the contents of PBCH across multiple SS blocks can be used:

	Contents
	SFN
	RMSI PDCCH
(CORESET)
	BW/ BW part
	Actual SS Blocks
	Tracking RS
	Spare
	CRC

	Necessity to be included in MIB
	Yes
	Yes
	FFS
	Yes
	Yes
	Yes
	Yes

	Same/Different
	Same
	FFS
	FFS
	Different
	Same
	Same
	Different


· SFN: system frame number must be same and be indicated uniformly across SS blocks when multiple are turned on
· RMSI scheduling information: 
· Note that the RMSI contents of each SS block may be different -> for example, the DC offset, which may be indicated in RMSI, is different for each SS block (as an offset from the SS block location for example). So even when cell ID is same, the RMSI contents may change across SS blocks. Since the UE will then have to definitely read the RMSI per SS block, it is therefore clear that the locations of the CORESET for RMSI can be configurable (depending on the contents). 
· If the contents of the RMSI will remain same across SS blocks (for example when DC offset will not be carried by RMSI), then the location of RMSI may remain same across multiple SS blocks and may be not confined within the BW of one NR-PBCH. Therefore, with respect to the multiple SS blocks issue, the CORESET may be configured within or outside the PBCH BW and the RMSI may be configured in some common location such that its BW is smaller than the minimum channel BW supported by all NR UEs. 
· Further, to avoid too many retuning by the UE and to keep procedure simple, the CORESET for RMSI scheduling may be confined and configurable within a minimum channel BW that is supported by all NR UEs. 
· Hence Alt-3 may be supported for the case of configuring multiple SS blocks within a wideband carrier when the contents of RMSI remain same across multiple SS blocks. 
·  BW/ BW part 
· The following behaviour may be expected for the UE- 
· The CORESET for RMSI is assumed to be centred on the detected SS block and used for finding the RMSI PDSCH location. 
· A default BWP may be assumed to be centred on the detected SS block and some bits for indication of the RMSI coreset is needed.
· Depending on which mechanism is used, and how the RMSI PDSCH location is indicated, some bits may be needed to indicate BW/BWP. This is still an ongoing discussion in RAN1. Whether or not the NW BW is needed to be indicated is also FFS.
· Periodicity = can be configurable for each SS block as not all of them are needed depending on the set of users being supported
· Information on actual transmitted SS block: Can be different based on the SS blocks used at different locations
· Information on tracking RS : cell specific signal; same information across SS blocks

RMSI Contents
DC location indication: The location of the DC carrier (centre of the wideband carrier) is necessary to be able to identify the RS mapping such as CSI-RS and DMRS. More details about RS mapping is in our companion tdoc [3]. Both wideband CSI-RS and per BWP CSI-RS may be defined and the RS mapping can be defined accordingly. For example, if a narrow band UE will rely on the wideband CSI-RS, it will need to know where to start the RS mapping from in order to perform relevant operations. 

Observation 3: If the centre location of the wideband carrier is decided to be indicated in RMSI, its contents may be same if indicated in absolute manner or different if indicated in a relative manner as an offset form the SS block (or RMSI) location. 

It must also be studied if (a) the DC location of the wideband carrier and (b) DC location per SS block (which is the centre of the BW parts associated with that SS block) also be indicated by each SS block configured in the wideband. Since one SS block may be needed per RF chain, each RF chain may benefit from the DC location associated with the SS block and not necessarily the wideband carrier centre. This location is necessary for the UE to identify which RE’s are modulated by the gNB and how it must handle them (much similar to any other DC carrier agreed in NR).

Paging location indication: The paging location indication can be different since not all UE must look at same paging location; they can be indicated to look for their paging around a default SS block location as indicated earlier. Similarly all idle mode operations may be supported at the default SS block location. 

Proposal 8: A UE may be indicated to perform idle mode and paging operations in the anchor BW part.

Other RAN2 related contents can be further studied. 

RRM Measurements 

For the case of neighbour cell measurements, it is typically beneficial for the UE to assume the presence of SS blocks of the neighbour cell at the same location of serving cell to avoid retuning. However, with the presence of multiple SS blocks, presence of default SS block locations in a wideband carrier per UE, cell_Id being same or different across the SS blocks, seems more study is necessary to define a fool proof mechanism for the same. When CSI-RS is also considered, the following combinations need to be further studied and how they may be used for RRM measurements: 
· Multiple SS blocks & one WB CSI-RS 
· One SS block & one WB CSI-RS
· One SS block & multiple NB CSI-RS
· Multiple SS blocks & multiple NB CSI-RS
Proposal 9: Further study the RRM measurement aspects when multiple SS blocks are present in the wideband carrier while considering the cell-Id definition across the multiple SS blocks. 

1. Conclusion
In this contribution, considerations on multiple SS blocks for wideband operations are presented. In particular, the following is proposed:

Proposal 1: Send an LS to RAN4 to ask whether it is feasible to use SS blocks on one BW part received with one RF chain for acquiring synchronization on another BW part received with another RF chain. If it is not feasible under some conditions, configuration of multiple SS blocks on multiple BW parts should be supported.

Proposal 2: For the indication of actually transmitted SS blocks for the BW parts other than “the anchor BW part” which corresponds to the one UE acquired sync, UE specific semi-static and /or dynamic indication of SS block locations should be supported. Indication via RMSI/OSI is not necessary.

Proposal 3: A UE can be configured with an “anchor BW part,” using which the UE acquires sync.

Proposal 4: The “anchor BW part” may be UE-specifically updated. 

Proposal 5: Wideband UE can be configured to perform rate matching around the SS blocks transmitted in all the BW parts in the wideband carrier.

Proposal 6: Wideband UE can be configured to use the default SS blocks in the anchor BW part for RRM measurements of the wideband serving cell. 

Proposal 7: The following principles for the contents of PBCH across multiple SS blocks can be used:

	Contents
	SFN
	RMSI PDCCH
(CORESET)
	BW/ BW part
	Actual SS Blocks
	Tracking RS
	Spare
	CRC

	Necessity to be included in MIB
	Yes
	Yes
	FFS
	Yes
	Yes
	Yes
	Yes

	Same/Different
	Same
	FFS
	FFS
	Different
	Same
	Same
	Different



Proposal 8: A UE may be indicated to perform idle mode and paging operations in the anchor BW part.

Proposal 9: Further study the RRM measurement aspects when multiple SS blocks are present in the wideband carrier while considering the cell-Id definition across the multiple SS blocks. 
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A: Default SS Block

* A UE operation must be such that UE need not look at other locations for synch
—  Minimize re-tune
—  Adefault S block location can be one which the UE first used to camp on cell
—  This SS block may have been activated after certain time duration
— At t=0 may be there is only 1 SS block for the wideband carrier; but later on multiple may be activated

they can support UE's independently until de-activated
* Proposal: Indicate a default SS block location per UE. This can change over
time based on BWP configured to UE over time
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