

3GPP TSG-RAN WG1 #90	R1-1714601
21th – 25th August 2017
Prague, CZ

[bookmark: Source]Agenda item:	6.1.1.1.2
Source: 	Qualcomm Incorporated
Title: 	Multiple SS block transmissions design in wideband CC 
[bookmark: DocumentFor]Document for:	Discussion/Decision
1. Introduction
In RAN1#88b [1], the following were agreed on wideband operation

	Agreement:
· Support the following: 
· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster
· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 
· Allow single or multiple Sync signal locations in wideband CC
· Consider further impact on design for: 
· Reference signals
· Resource Block Group design and CSI subbands



To operate in a wideband, there could be two types UE operations, the first type of UE operates in the wideband mode, while the second type of UE operates in the intra-band contiguous CA mode. To facilitate the operation of second type of UE, it is desirable to have separate PSS/SSS/PBCH in each CC, otherwise UE needs to be able to transfer the timing or frequency information from one CC to another CC. In RAN1 #89 [2], the following agreement was reached on multiple SS block transmissions in wideband CC 
	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))
· 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
· 



In this contribution, we provide our view on the multiple SS block transmissions design in wideband CC 
2. [bookmark: _Hlk481654588]Multiple SS block transmissions design in wideband CC  
The design of the SS block transmission in wideband CC needs to consider different types of UE operations. One type of operation is wideband CC operation, e.g. 400MHz. The other type of operation is intra-band contiguous CA operation, e.g. 4 CC with each CC of 100MHz BW. To ensure that UE in both operations can access the network, each CC, e.g. 100Mhz, can have its own synchronization signals including PSS/SSS/PBCH.
It is important to note that, RAN1 defines the SS block pattern within SS burst set and the maximum number of SS blocks within each SS burst set. For below 3GHz, maximum L=4 SS blocks per SS burst set. For 3-6GHz, maximum L = 8 SS blocks per SS burst set. For above 6GHz, maximum L=64 SS blocks per SS burst set. However, NW has the freedom to transmit or not transmit on a particular SS block, furthermore, NW can choose which beam to transmit during each SS block.
We also need to note two factors 
1. To reduce the UE power consumption, it is important to contain the time footprint, i.e. duration, of SS burst set as much as possible.
2. Some gNB may have multiple antenna panels, i.e. they can transmit multiple beams at the same time.
Jointly consider the above two factors, it is beneficial for NW to finish all the beam sweep in as short period of time as possible, by allowing NW to transmit multiple beams at the same time in a FDM way.
Figure 1 illustrates the multiple SS FDM transmission in wideband CC to allow UE to reduce its measurement window. For illustration purpose, we show 8 SS blocks. For each SS block, there are two associated indices: a SS block index, i.e. b0, b1, …, b7, and an index of the actual beam (port) being used, i.e. p0, p1, …, p7. We assume that gNB has 4 panels, i.e., can transmit 4 beams at a time.
For CC0, gNB sweeps the beam in the order from p0 to p7. While for CC1, gNB shifts the beam sweep pattern and transmit beams from p2 to p7 and then p0 to p1. This allows that for any given time, different beams are sweep in two frequency locations utilizing the gNB multi-panel capability. A similar shift can be applied to CC2 and CC3 to stagger the beam sweep to ensure gNB can sweep multiple beams in the FDM way at a time.
As illustrated in the Figure 1, if UE can process wideband signals. UE can measure 4 beams at the same time. Therefore, in order for an UE to complete measurement of all 8 beams, this design allows the UE to reduce its measurement window by 75%.



Figure 1 Multiple SS FDM transmission example in wideband CC (8 SS blocks and 4 CCs)

Observation: For gNB capable of sending multiple beams simultaneously, FDM of SS blocks can allow gNB to complete the beam sweep in a shorter time. This can reduce the measurement latency and the power consumption for UEs capable of wideband operation.
Proposal 1: Introduce a mapping between SS block index and beam/port index used for each SS block to facilitate the FDM SS block operation.
Proposal 2: Allow NW to inform UE whether FDM of SS blocks can be used to reduce UE measurement window. In other words, NW informs UE whether multiple beams are swept simultaneously in frequency domain. 

3. Conclusion 
[bookmark: _GoBack]In this contribution, we discussed the remaining issues related to multiple SS blocks transmission in wideband CC. Below is the summary of our observations and proposals:
Observation: For gNB capable of sending multiple beams simultaneously, FDM of SS blocks can allow gNB to complete the beam sweep in a shorter time. This can reduce the measurement latency and the power consumption for UEs capable of wideband operation.
Proposal 1: Introduce a mapping between SS block index and beam/port index used for each SS block to facilitate the FDM SS block operation
Proposal 2: Allow NW to inform UE whether FDM of SS blocks can be used to reduce UE measurement window. In other words, NW informs UE whether multiple beams are swept simultaneously in frequency domain. 
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