[bookmark: OLE_LINK4][bookmark: OLE_LINK5]3GPP TSG RAN WG1 Meeting NR#3						      R1-1715482
Nagoya, Japan, 18th – 21st, September 2017

[bookmark: OLE_LINK6][bookmark: OLE_LINK14]Agenda item:   6.1.5.1
Source: 	    Fujitsu
Title: 	Measurement based on SSB
Document for: Discussion and Decision
1. Introduction
[bookmark: Source][bookmark: _Ref228947482]In NR, a UE needs to be configured with SMTC (SS block based RRM measurement timing configuration) for its intra-frequency and/or inter-frequency measurement. Considering all SSBs of a given SS periodicity are confined in a 5ms window, the time location of this window in the overall SS period would have an impact on the configuration of SMTC(s) to a UE. On the other hand, the number and index of actually transmitted SSBs in the 5ms window could be different among neighboring cells, which would also have impact on the UE’s measurement behavior.
In this contribution, with the consideration of UE’s power consumption and efficiency in RRM measurement, we’d like to share our view on time location of the 5ms SSB window and discuss the impact of actually transmitted SSBs information on measurement.
2. Discussion
2.1 Location of 5ms SS window
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 period (we use the shortened terms “SS period” and “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 period, 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 position of this window has an impact on RRM measurement. So, we firstly share our understanding on how to map this 5ms SS window to a SS period. 


Figure 1: Possible mapping of SSBs to a frame within the SS period
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 period 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 a 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 and inter-RAT measurements are extended to intra-frequency measurement. Furthermore, a single set of measurement window parameters configured 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, 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, a 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 common SS 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 period starts 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}

Where n is the running index of the common window, SS_period_i is the periodicity of the SS periods and N the number of the SS periods on a frequency carrier or on multiple frequency carriers relevant to the measurement.

[bookmark: _GoBack]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}
Where n is the running index of the common window, SS_period_i is the periodicity of the SS periods and N is the number of the SS periods on a frequency carrier or on multiple frequency carriers relevant to the measurement respectively. x is the offset for the targeted 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) needs 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.
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Figure 5. The use of a common SS window for different SS periodicities

2.2 Impact of actual SSB transmission information on measurement
Another issue is the impact of actual SSB transmission information on measurement. In RAN1#90 meeting [2], the following agreements and working assumption related to indication of actually transmitted SS blocks were made:
Agreements:
· At least for rate matching purpose for serving cell, for below 6GHz, full bitmap (8bits) is used for indication of actual SS/PBCH block transmission
· FFS: whether to support indication of actual SS/PBCH block transmission for mobility measurement at least for neighbour cells, how to indicate it, and whether this indication is applied to mobility measurement for serving cell
· FFS: whether the indication can be used for the RACH preamble configurations and associations
Working assumptions:
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case, and an indication method is down-selected from following alternatives
· Alt.1: Group-Bitmap + Bitmap in Group
· A Group is defined as consecutive SS/PBCH blocks
· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted
· E.g., [8]+[8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Alt.2: Group-Bitmap + The number of actually transmitted SS/PBCH block in Group (with fixed starting index of SS/PBCH block)
· A Group is defined as consecutive SS/PBCH blocks
· Group-Bitmap can indicate which Group is actually transmitted, SS/PBCH blocks within a Group are logically consecutive, the number of actually transmitted SS/PBCH block indicates how many logically consecutive SS/PBCH blocks are actually transmitted starting from the first index, and the number is commonly applied to all transmitted Groups
· E.g., [8]+[3] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Alt.3: Bitmap in Group + The number of actually transmitted Groups (with fixed starting index of Group)
· A Group is defined as consecutive SS/PBCH blocks
· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, each Group has the same pattern of SS/PBCH block transmission, and the number of actually transmitted Groups indicates how many consecutive Groups are actually transmitted starting from the first Group
· E.g., [8]+[3] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Alt.4: Group-Bitmap + The number of actually transmitted SS/PBCH block in each Group
· A Group is defined as consecutive SS/PBCH blocks
· Group-Bitmap can indicate which Group is actually transmitted, SS/PBCH blocks within a Group are logically consecutive, and the number of actually transmitted SS/PBCH block for each Group indicates how many logically consecutive SS/PBCH blocks are actually transmitted starting from the first index
· Minimum [8]+[3] bits, maximum [8]+[3]*[8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Alt.5: The number of actually transmitted SS/PBCH blocks + starting index + gap between two consecutive SS/PBCH blocks
· [6]+[6]+[6] bits
· Alt.6: Group-Bitmap
· A Group is defined as consecutive SS/PBCH blocks
· Group-Bitmap can indicate which Group is actually transmitted, and all SS/PBCH blocks within a transmitted Group are actually transmitted
· E.g., [8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Other alternatives are not precluded
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks
According to the agreements above, for serving cells below 6GHz, the actual SSB transmission is indicated to the UE. And in the working assumption, such information should also be indicated to UEs in the above 6GHz case as well. Basically, as long as a UE gets the information, it’s up to UE implementation to utilize it for measurement on the serving cell, even though it’s mainly used for rate matching. 
As for the measurement on a neighbour cell, it’s beneficial for neighbour cells to exchange the actual SSB transmission information, at least for SMTC and CSI-RS resource configuration.
Firstly, measurement offset and duration can be configured taking advantage of such information from neighbour cells, both for intra-frequency and inter-frequency case. By doing so, the configuration of SMTC can be more accurate. It can save UEs’ power and shorten the measurement gap in inter-frequency case.  A simple example is shown in Figure 6.
[image: ]
Figure 6. Example of SSB based measurement configuration based on actual SSBs transmission information
Secondly, as in the agreements below in RAN1#90 meeting, the CSI-RS sequence seed to generate CSI-RS is UE-specifically configured. If the UE is configured with UE-specific CSI-RS sequence seed, and this seed is common among neighbour cells, neighbour cells can negotiate CSI-RS resource configuration to reduce resource overhead as much as possible. For the cooperated configuration of CSI-RS resource, it’s better to know about all of the available locations. For example, as shown in Figure 7, the common CSI-RS resource among neighbour cells may be configured at the positions of the nominal SS/PBCH blocks not transmitted. That is, the CSI-RS resource should be configured with reference to the information of actually transmitted SSBs from neighbour cells.
Agreements:
· Sequence design used for CSI-RS for beam management is baseline
· For CSI-RS based RRM measurement for L3 mobility, CSI-RS sequence seed to generate CSI-RS sequence is UE-specifically configured
· FFS: sufficient CSI-RS sequence seed size for L3 mobility


Figure 7: CSI-RS locates at the position of not transmitted SSBs
As a conclusion, neighbor cells should exchange actual SSB transmission information at least for SMTC and CSI-RS resource configuration.
Proposal #5: Neighbor cells should exchange actual SSB transmission information at least for SS block based RRM measurement timing configuration and CSI-RS resource configuration.
Based on the discussion above, it’s necessary to exchange actual SSB transmission information between neighbor cells. To further reduce the UE’s complexity and power consumption, serving cell can additionally indicate the actually transmitted SSBs within the measurement window.

3. Conclusions
In this contribution, the location of 5ms SS window and the impact of actually transmitted SSBs information on UE’s measurement are discussed and we have following proposals:
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.
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
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) needs to be shared with its neighboring cells (gNBs).
Proposal #5: Neighbor cells should exchange actual SSB transmission information at least for SS block based RRM measurement timing configuration and CSI-RS resource configuration.
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