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1. Introduction
[bookmark: Source][bookmark: _Ref228947482]This contribution is revised from R1-1715482.
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. All SSBs of a given SS periodicity are confined in a 5ms window, but the number and index of actually transmitted SSBs in the 5ms window and SS period could be different among neighboring cells, which would have impacts on the UE’s measurement behavior and the configuration of SMTC. In this contribution, with the consideration of UE’s power consumption and efficiency in RRM measurement, we’d like to discuss the impact of actually transmitted SSBs information on measurement and  share our view on time location of the 5ms SSB window. 
2. Discussion
2.1 Impact of actually SSB transmission information on measurement
Regarding indication of actually transmitted SSBs, in RAN1 NR#3 meeting [1], the following agreements and working assumption were made:
Agreements:
· For rate matching purpose
· For UE specific PDSCH and UE specific CORESET
· If the UE has received no bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the signalling in RMSI 
· If the UE has received a bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the bitmap in RRC based signalling 
· For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources
· Working assumption: For other channels, the UE assumes SS/PBCH block transmission according to the signalling in RMSI
· FFS: Confirm for each channel
· The signalling in RMSI is only for the associated SS/PBCH block
· FFS: Other uses of the signalled SS/PBCH block indication in RMSI and/or RRC

Agreements:
· Confirm working assumption of: 
· 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
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks

Working assumption:
· For indication in RMSI:
· Alt.1: Group-Bitmap(8 bits) + Bitmap in Group (8 bits)
· A Group is defined as consecutive SS/PBCH blocks
· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, where each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted
According to the agreements above, the actual SSB transmission is indicated to the UE for both sub6GHz and over6GHz cases. 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 1.
[image: ]
Figure 1. Example of SSB based measurement configuration based on actual SSBs transmission information
Secondly, as in the agreements below in RAN1#90 meeting [2], the CSI-RS sequence seed to generate CSI-RS are UE-specifically configured. Furthermore, if the CSI-RS resources configured to the UE can be common across neighbour cells, those neighbour cell gNBs can negotiate CSI-RS configuration(s) 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 2, 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 2: 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 #1: Neighbor cells should exchange actual SSB transmission information at least for SS block based RRM measurement timing configuration and CSI-RS resource configuration.
Then another issue is whether to inform UE of the actually transmitted SSBs of the neighbor cells. 
Basically, for SSB based measurement, on the top of more accurate SMTC configuration, such information can further reduce the UE’s complexity and power consumption. There’s no need for indicating all transmitted SSBs for each neighbor cells. For simplicity, a serving cell only needs to indicate the actually transmitted SSBs within the measurement window per carrier, which means such information can be a part of SMTC configuration. 
Furthermore, in case of CSI-RS based measurement, as we discussed above, the CSI-RS may be configured at the position of not transmitted SSBs. Such configuration would be needed especially in the case of 5ms CSI-RS periodicity. Then the UE needs to determine whether there’s CSI-RS transmission at the pre-defined SSB location based on the indication of actually transmitted SSBs. 
To sum up, the serving cell should indicate the actually transmitted SSBs of neighbor cells at least for SSBs within the UE’s measurement window by RRC signaling, e.g. measurement configuration.
Proposal #2: The serving cell indicates the actually transmitted SSBs of neighbor cells at least for SSBs within the UE’s measurement window by RRC signaling, e.g. measurement configuration.
2.2 Location of 5ms SS window
Besides the indication of actual transmitted SSB information, time location of 5ms SS window has big impact on UE’s RRM measurement as well. 
As shown in Figure 3, 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 [3]. As for step 3, 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 PBCH payload and RRM measurement. As the case in Step 3 of Figure 3, if different SS periodicities are selected among neighboring cells, and the SS window of different SS periodicities are not aligned with each other as illustrated in Figure 3, it is a problem for RRM measurement configuration. As can also be seen in Figure 3, half-frame timing has to be indicated for both 5ms SS periodicity and higher value of SS periodicities.


Figure 3: Possible mapping of SSBs to a frame within the SS period (without SS window alignment)
As discussed in our companion contribution [4], the location of a 5ms SS window should be fixed in a radio frame. Except for the case of 5ms SS periodicity, the SS window is located only in the first half-frame. If so, half-frame timing indication in NR-PBCH is not necessary for 10ms and higher SS periodicity. Apart from the benefit of 1-bit NR-PBCH payload saving, fixed SS window position is also beneficial to RRM measurements as following discussions.
Agreements on RRM measurement were reached at RAN1 NR Ad-Hoc#2 as follows [3]:
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, a single set of measurement window parameters is 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 neighbouring cells in one window duration. As an example for an intra-frequency measurement, as shown in Figure 4a, the SS periodicity of the serving cell is 20ms, and the SS periodicity of the neighbouring cells of this UE is 40ms. If the location of SS window is not well designed, only the SSBs of neighbouring cells#1 are in the measurement window. But if there is an alignment for 40ms SS periodicity, two neighbouring 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 neighbouring cells can be measured with a 40ms measurement window periodicity. Another example case is for inter-frequency measurement, as shown in Figure 5. In this case, the SS periodicity for the serving cell at carrier f1 is 20ms, and the SS periodicity for neighbouring cell#1 at carrier f2 is 40ms, the SS periodicity for neighbouring cell#2 at carrier f2 is 80ms. When we compare Figure 5b and Figure 5c, it is found that two neighbouring cells can be observed more easily if there are common window locations for different SS periodicities, as shown in Figure 5c; but if there is no common window location, only one neighbouring cell can be observed at a time, as shown in Figure 5b. 
One way to guarantee this kind of SS window alignment is to pre-define a default SS window location for SS periodicities being equal to and higher than 10ms, as shown in Figure 6. 
Proposal #3: NR supports that the SS window is located in the first half-frame of the SS period.
This default SS window location may be relaxed to being configurable in order to support more flexible NR networking. Thus, for cases where synchronization is guaranteed among neighbouring cells, we have the following proposals:
Proposal #4: 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 #5: 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 4. Example SS window design for intra-frequency measurement




[a]                     			          [b]              			               [c]
Figure 5. Example of SS window design for inter-frequency measurement


Figure 6. Common window for all SS periodicities

3. Conclusions
[bookmark: _GoBack]In this contribution, the impact of actually transmitted SSBs information on UE’s measurement and the location of 5ms SS window are discussed. We have following proposals:
Proposal #1: Neighbor cells should exchange actual SSB transmission information at least for SS block based RRM measurement timing configuration and CSI-RS resource configuration.
Proposal #2: The serving cell indicates the actually transmitted SSBs of neighbor cells at least for SSBs within the UE’s measurement window by RRC signaling, e.g. measurement configuration.
Proposal #3: NR supports that the SS window is located in the first half-frame of the SS period.
Proposal #4: 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 #5: 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
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