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Introduction
[bookmark: _Ref228947482]Mapping an SSB (Synchronization signal block) to the radio resource in the time domain could be divided into 3 steps:
1. Mapping the SSB to its time location in a slot;
2. Mapping of a set of slots containing SSBs to a half radio frame (5ms);
3. Mapping of a half radio frame (5ms) containing SSBs to resources within the SS burst set periodicity (shortened to “SS periodicity” for discussion here).
First two steps have been discussed and related agreements reached in RAN1 [1]. But as for Step 3, the location of the 5ms SS window in a SS periodicity, it has not been widely discussed in RAN1. Obviously, it is not an issue for the SS periodicity configured to be equal to 5ms. But for other possible SS periodicities, such as 10ms, 20ms, 40ms, 80ms, 160ms, the positon of this window has an impact on beam management and RRM measurement. So, we will share our understanding on how to map this 5ms SS window to a SS periodicity. In addition, the mechanism to indicate actual transmitted SSBs in the SS window will be discussed.


Figure 1. Possible mapping of SSBs to a frame within the SS periodicity
Discussion 
2.1 Location of SS window
Taking a UE’s power consumption into consideration, RAN1 agreed that SSBs within a SS burst set are confined to a 5ms window, i.e. a SS window. On the other hand, multiple SS periodicities, e.g. {5, 10, 20, 40, 80, 160} ms, are supported in NR. But until now, the location of a SS window within the SS periodicity has not been discussed in RAN1. Our discussion begins with the analysis of the SS window location in a 10ms radio frame. One possibility is that the location of a SS window in a frame is fixed. If so, indication of the half frame timing to a UE is not necessary. The only exception is the case of 5ms SS periodicity, for which half frame timing is still necessary. On the other hand, in order to simplify the allocation of control symbols and the allocation of data symbols, the SS window should not cross the boundary between two half frames. Thus straightforward way is that the SS window is either entirely located in the first half frame or in the second half frame. We prefer taking the first half frame as the location of a SS window. It is because a UE can utilize the SSB to estimate some useful information which is helpful for the signal processing of the symbols after the SS window, such as timing information, frequency offset information, AGC information and so on. 
Proposal 1: The location of a 5ms SS window is fixed in a radio frame. Except for the case of 5ms SS periodicity, the SS window is located only in the first half frame.
In LTE, PSS/SSS is evenly distributed at 5ms intervals. A UE can use a search window with unified duration to capture synchronization signals. The duration could be a little longer than 5ms in order to avoid splitting one synchronization symbol into two parts, and/or separating a PSS from the paired SSS. But for NR, this issue become more complicated. Agreements on RRM measurement were reached at RAN1 NR Adhoc#2 as follows:
Agreements:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers
In these agreements, parameters of the measurement gap used in LTE for inter-frequency measurement and inter-RAT measurement are extended to intra-frequency measurement. Furthermore, a single set of measurement window parameters (including offset and duration at least) is applicable for all measurement cases on a single carrier frequency listed in the agreements. It is therefore reasonable to expect that with suitable timing synchronization a UE could measure many neighboring cells in one window duration. For an intra-frequency measurement, as shown in Figure 2a, the SS periodicity of the serving cell is 20ms, and the SS periodicity of the neighboring cells of this UE is 40ms. If the location of SS window is not well designed, as illustrated in Figure 2b, only the SSBs of neighboring cells#1 are in the measurement window. But if there is an alignment for 40ms SS periodicity, two neighboring cells can be observed by this UE. Moreover, if there are some common SS window locations for the 20ms periodicity and the 40ms periodicity, both RSRP/RSRQ of serving cell and neighboring cells can be measured with a 40ms measurement window periodicity. Another case is for inter-frequency measurement, as shown in Figure 3. In this case, the SS periodicity for the serving cell at carrier f1 is 20ms, and the SS periodicity for neighboring cell#1 at carrier f2 is 40ms, the SS periodicity for neighboring cell#2 at carrier f2 is 80ms. When we compare Figure 3b and Figure 3c, it is found that two neighboring cells can be observed more easily if there are common window locations for different SS periodicities, as shown in Figure 3c; but if there is no common window location, only one neighboring cell can be observed at a time, as shown in Figure 3b. Thus, for cases where synchronization is guaranteed among neighboring cells, we have following proposals:
Proposal 2: NR supports configuration of at least one value of SS periodicity where the location of a SS window in a SS period is the same for multiple cells on the same carrier frequency and/or on multiple carrier frequencies.
Proposal 3: NR supports configuration of at least one common window location for each SS period for multiple SS configurations on a frequency carrier or on multiple frequency carriers




[a]                     			         [b]              			                [c]
Figure 2. SS window design @ intra-frequency measurement




[a]                     			          [b]              			               [c]
Figure 3. SS window design @ inter-frequency measurement


Figure 4. Common window for all SS periodicities

Actually, common window locations for all SS periodicities could be requested for a synchronous network, as shown in Figure 4. In this case, candidates with all SS periodicities could be observed in a common measurement window corresponding to the largest possible periodicity. For intra-frequency CONNECTED mode measurement, more than one common measurement window periodicity could be configured. 
On the other side, the locations of SS common window could be pre-defined or configurable as described in following alternatives:
Alt1: For each SS periodicity, the location of the common SS window is pre-defined. For example, as shown in Figure 4 and Figure 5a, each SS periodicity start from SFN 0, and the common windows are located in the frames of SFN_cw. SFN_cw=0+Sp_m‧n, Sp_m=Max{SS_period_i/10ms, i=1,..,N}, n is the running index of the common window, SS_period_i and N is the period() of the SS periodicities and the number of the SS periodicities in a frequency carrier or in multiple frequency carriers relevant to the measurement respectively.
Alt 2: For different cells, the location of the common window can be configured by gNBs. The common windows are located in the frames of SFN_cw. SFN_cw=x+Sp_m‧n, Sp_m=Max{SS_period_i/10ms, i=1,..,N}, n is the running index of the common window, SS_period_i and N is the period of the SS periodicities and the number of the SS periodicities in a frequency carrier or in multiple frequency carriers relevant to the measurement respectively. 
x is the offset for target common window position and need to be shared among neighboring cells.
Proposal 4: The locations of a common window for SS measurements could be pre-defined or be configured by gNBs. If it is configured, the information relevant to the location of the common window of a cell (gNB) need to be shared with its neighboring cells (gNBs).
For intra-frequency CONNECTED mode measurement, two measurement window periodicities could be configured if necessary. As shown in Figure 5c, two common window locations for measurements are provided in a 40ms period. In this example, 20ms and 40ms are configured as measurement window periodicity respectively. Measurement window#a is for SSBs with both 20ms periodicity and 40ms periodicity; while Measurement window#b is only for SSBs with 20ms periodicity. If the accuracy of the measurement is not a concern, a single common window location is preferred.


[a]                     			       [b]              			             [c]
Figure 5. The use of a common SS window for different SS periodicities
2.2 Indication of actually transmitted SS blocks
In RAN1#88 [2] and RAN1#88b [3], the following agreements related to indication of actually transmitted SS blocks were made:
Agreements:
· The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks
· FFS whether this information is available only in CONNECTED mode or in both modes
· FFS how to signal the position(s)
Agreements:
· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:
· PBCH
· Remaining minimum system information
· Other SI
· dedicated signaling
· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location
· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.

We’d like to discuss this issue from UE in IDLE mode and UE in connected mode respectively.
For a UE in IDLE mode, it is not feasible to inform this UE with a list including UE’s neighboring cell and corresponding transmitted SS blocks of this cell. During its cell reselection procedure, the UE could do cell search and measurement blindly with the configured information of a single SMTC per frequency carrier. For example, this UE can assume all of the nominal SSBs in the measurement window are transmitted, and derive the RSRP based on measurement results at each nominal SSB location. A threshold of RSRP could be used to filter out non-transmitted synchronization signals and the weaker SSB-beams simultaneously. Only the strong SSBs are used to derive a cell-based RSRP. In this sense, actual transmitted SS-blocks information is not necessary to the UE in idle mode.
Proposal 5: Information indicating actual transmitted SS-blocks is not signaled to the UEs in idle mode.
For UEs in connected mode, the actual transmitted SS/PBCH blocks should be informed at least for reception of DL data/control (including transmission for other SI) in unused SS-blocks. UEs can take advantage of this information to simplify measurement as well. As it is cell-specific information, broadcast channel/signaling, e.g. PBCH and RMSI, should be considered first. RMSI is a better choice due to the limited payload of PBCH, and it can be more flexible. Meanwhile, for helping UE’s measurement on neighbor cells, the actual transmitted SS/PBCH blocks of neighbor cells can be informed by RRC signaling. 
To sum up, the actually transmitted SSBs should be indicated via RMSI and RRC signaling (mobility-relevant) for UEs in connected mode.
Proposal 6: The actually transmitted SSBs should be indicated via RMSI and RRC signaling (mobility-relevant) for UEs in connected mode

Conclusions
In this contribution, we share our views on how to map this 5ms SS window to a SS periodicity with the considerations to facilitate RRM measurement. In addition, the mechanism to indicate actual transmitted SSBs in the SS window is discussed. Based on the discussions, we give the following proposals.
Proposal 1: The location of a 5ms SS window is fixed in a frame. Except for the case of 5ms SS periodicity, the SS window is located only in the first half frame.

Proposal 2: The location of a SS window in a SS period is the same for one SS periodicity in a frequency carrier and/or in multiple frequency carriers.

Proposal 3: There is at least one common window location for each SS period of multiple SS configurations in a frequency carrier or in multiple frequency carriers

Proposal 4: The locations of SS common window could be pre-defined or be configured by gNBs. If it is configured, the information relevant to the location of the common window of a cell (gNB) need to be shared with its neighboring cells (gNBs).

Proposal 5: Information on actual transmitted SS-blocks is not signaled to the UEs in idle mode.

Proposal 6: The actually transmitted SSBs should be indicated via RMSI and RRC signaling (mobility-relevant) for UEs in connected mode
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