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Discussion and Decision
1      Introduction
During last RAN2 #95 meeting, it was agreed to further study on UL measurement. Below is the agreement:

=>
RAN2 will study mobility in connected active state based on UL signals . Study should at least consider power consumption, network internal signalling aspects, scalability, mobility performance, etc.
In this contribution, we try to understand UL measurement procedure in idle and inactive connected state and provide the analysis for the network internal signalling in compare to DL measurement in LTE.

2      Discussion
Overview of UL and DL measurement in Idle and inactive state mobility

In current LTE, DL measurement is used in both idle and connected mode. When UE goes from connected to idle mode, the UE is required to perform intra-frequency measurement when the serving cell signal becomes less than a threshold or the threshold is not configured in SIB3. And for inter-frequency, there are dependence based on frequency priority, serving cell signal etc. For simplicity, let’s consider the intra-frequency case. 
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Figure 1: Example of DL and UL procedure in idle mode or “inactive connected” mode
In DL measurement, the UE is required to check paging message once every DRX cycle. The UE first checks for P-RNTI within the PDCCH of the paging occasion subframe. If P-RNTI is found, then the UE will proceed to decode the paging message from PDSCH indicated by the resource allocation information from the PDCCH. The UE has to perform cell reselection when it is in mobility. Figure 1 top time line shows an example of DL measurement. The UE first in cell 1, after the DRX cycle, it wakes up and perform a cell reselection to cell 2 and check for paging message as described above. Then it goes back to sleep until the next DRX cycle. When it wakes up, it performs cell reselection to cell 3 and a tracking area update since the UE detects it has entered a new TA that is not in the list of tracking area indicators that the UE registered with the network. Page miss in DL measurement usually occurs when the serving cell signal (SINR) is too weak or cell reselection when SIB acquisition is too long (seldom happens though). It is also possible that the UE cannot perform cell reselection due to serving cell signal is too weak. In that case, the UE will need to perform cell search (generally longer and consume more power). 
Observation 1: In DL measurements, paging miss may happens when the serving cell SINR is too weak or when it takes too long for the UE acquire the SIB during the cell reselection procedure.
Observation 2: In DL measurement, UE may not be able to perform cell reselection (take longer to perform cell search) when serving signal is too weak.
In idle mode UL measurement, since there is no UE context at the RAN level, it is unclear how the network configures SRS resources for individual UE and how the network coordinates TRPs for UL measurement. In addition, there are in general significantly more number of UEs in idle mode than in connected mode, it is unclear how many unique SRS sequences can accommodate such large number of UE. Due to the above discussion, it seems not feasible for UL measurement to be applied in idle mode UE.
Observation 3: For idle modem as there is no UE context at the RAN level, it is unclear how the network configures SRS resources and coordinates TRP for UL measurements.

Observation 4: It must be possible to support a very large number of UEs in idle mode, and it is unclear whether there would be sufficient unique SRS sequences to accommodate such a large number of UEs.

Proposal 1: RAN2 to use cell selection and reselection procedure for idle mode.
In inactive connected UL measurement, the general idea is that the network coordinates UL resources, SRS sequence and TRPs who should perform measurement on the UE UL signal. After the measurement (and some coordination between the network), the chosen TRPs for particular UE will signal a network response back to the UE to indicate “I hear you”. It is our understanding that UL measurement can only be applied in synchronized network. Figure 1 bottom illustrates an example of the UL procedure to the best of our knowledge. The UE initially is in cell 1 in Figure 1. The network will configure multiple TRPs around the UE to measure the SRS at the allocated resources. When the UE moves to cell 2 after one DRX cycle, the network should allocate at least the cell edge TRPs to measure the UE UL signal. Then the closest TRP responses with a paging message (if available) to the UE. However, when the cell size is small and UE is moving relatively fast, (from cell 3 to cell 6 in the example), if the network doesn’t allocate the correct TRP group to measure the UE UL signal, there will be no network response after the UE sound the UL signal. In this case, paging may be missed. Another scenario where paging miss is that UL measurement is not the same as DL measurement. In this case, the signal quality causes the UE will not be able to receive the network response and paging message. 

Proposal 2: UL measurement cannot be applied to asynchronized network.
Observation 5: UL measurement paging miss may happen when the network doesn’t allocate the correct set of TRPs to measure the UE UL signal or channel condition is asymmetric (UL measurement is different from DL channel quality).
If inactive state is intended to replace most of the UE in idle mode, there will be large number of UEs in inactive state. Observation 4 will also apply to inactive state. Due to significantly more number of UEs in inactive connected state, it is unclear how many unique SRS sequences can accommodate such large number of UEs.

Observation 6: Due to the desire for the inactive connected state to be used instead of idle for a large proportion of UE, there could be a very large number of UEs in inactive connected state, and it is unclear whether there would be sufficient unique SRS sequences to accommodate such large number of UEs.
In addition to the above UL measurement procedure, there are still some questions in related to UL measurement are unclear to us. It would be good if proponent companies can provide answer so we can further understand the entire operation of UL measurement. The questions are listed below:
· How would the network configure potential target gNBs for uplink measurement? 

· When SRS collision happens, how does the network determine there is a collision and how to resolve it? Below are two examples in which SRS collision may happens assuming UE1 with SRS1 in cell A and UE2 with SRS1 in cell B:

· Example 1: Both UE1 and UE2 move to cell C. 

· Example 2: UE1 moves to cell B and UE2 moves to cell C. How Cell B distinguish UE1 from UE2?

· The best DL cell might not be the same as the best UL cell e.g. due to Tx power difference from gNBs . In current LTE, generally the best DL cell is selected as target cell. If UL measurement is used, it is not clear whether to still keep the same principle or to rely on smart network implementation to calculate the best DL cell based on UL measurement.  
· In UL measurement, it is unclear how inter-frequency measurement will be performed. If we reversed DL measurement and apply to UL measurement, that means the UE will need to send SRS to all configured frequencies. In this case, power consumption and signaling aspect may multiply. 
· Does UE require to read SIB in UL measurement? If not, how the network perform access control? The UE will need to know if it can send UL signal when it moves to certain region. Region may be a different set of cells. 

Observation 7: If the use of UL measurements for mobility in connected inactive state is to be studied further within he SI, then the above questions will need to be addressed as part of that study. 
Network internal signalling

Assume there are K cells in one tracking area, each cell contain 1 gNB and each gNB may have M TRPs. N UEs in total within the tracking area. Below is the signaling analysis for DL and UL measurement. 
In DL measurement, the total number of network signaling can be considered as the MME sends paging message to all gNB and all gNB sends to the all TRPs within the NR cell. Total number signaling for each paging message (can contain multiple UE paging): 2KM+K 
For the UL measurement, there may be several alternatives how the paging message is delivered to the UE. It seems like different alternatives are tradeoff between network internal signaling overhead and delay. Figure 2 shows Alternative 1 (best case scenario with the least signaling) for UL measurement in which there is a centralize unit collects all the TRPs measurement from gNBs, then make the decision which gNB/TRP should forward the paging messing to the UE. The tradeoff is delay. 
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Figure 2: Example of signaling for UL measurement for “Alternative 1”
· Step1: gNB allocates the UL resources to group of TRPs to measure particular UE. It is assumed that at UE connects to the network, the network already assigns individual UE a SRS and UL resources.
· Signaling to N UE: N

· Signaling to TRPs: KM (K cells with M TRP each)

· Step 2: The UE sends SRS at the allocated resource

· Step 3: TRPs measure the UE SRS and forward the measurement result to the gNB (assuming TRP can forward multiple UEs measurement in 1 message)

· Signaling to gNB: KM

· Step 4: gNBs forward all TRP measurement result to a centralize unit. This centralize unit can be one of the gNB. 

· Signaling to centralize unit: K

· Step 5: Centralize unit response to gNB which is the chosen TRP(s) should send the NW response to the UE(s) with the paging message if available

· Signaling to gNB: K

· Step 6: gNB forward the decision with paging message to TRP(s)

· Option 1: Signaling to TRP: KM if all TRP receive this message

· Option 2: Signaling to TRP: N if one TRP per UE receive this message

· Step 7: The TRP(s) then send the network response message with paging to the UE

· Signaling to the UE: N

Alternative 1: paging message sits at the central unit

Total network internal signaling (option 2 in step 6) network internal signaling is: 2KM+2K+3N
Total delay for paging is: 2 x (TRP <-> gNB + gNB <-> central unit) 

UL measurement compares to DL measurement, the signaling overhead is K+3N more
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Figure 3: DL measurement and UL measurement alternative 1 internal signaling comparison 
Observation 8: For some delay, UL signaling overhead is slightly higher than DL measurement.
Below show 2 other alternatives of UL measurements where the paging message may send to the gNB or TRP in advance to reduce the delay: 
Alternative 2: paging message sits at the TRP

Total network internal signaling is: 3KM + K + 3N

Total delay for paging is: 0 (same as DL measurement)


UL measurement compares to DL measurement, the signaling overhead is KM+3N more
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Figure 4: DL measurement and UL measurement alternative 3 internal signaling comparison
Observation 9: For the same delay as DL measurement, UL measurement signaling overhead is almost double (KM+3N more) than DL measurement.

Proposal 3: Base on network internal signal overhead, if there is no other benefit (such as UE power consumption) for UL measurement, it is proposed that UL measurement will not be applied in inactive connected state.
3      Conclusion
Observation 1: In DL measurements, paging miss may happens when the serving cell SINR is too weak or when it takes too long for the UE acquire the SIB during the cell reselection procedure.
Observation 2: In DL measurement, UE may not be able to perform cell reselection (take longer to perform cell search) when serving signal is too weak.
Observation 3: For idle modem as there is no UE context at the RAN level, it is unclear how the network configures SRS resources and coordinates TRP for UL measurements.

Observation 4: It must be possible to support a very large number of UEs in idle mode, and it is unclear whether there would be sufficient unique SRS sequences to accommodate such a large number of UEs.

Observation 5: UL measurement paging miss may happen when the network doesn’t allocate the correct set of TRPs to measure the UE UL signal or channel condition is asymmetric (UL measurement is different from DL channel quality).
Observation 6: Due to the desire for the inactive connected state to be used instead of idle for a large proportion of UE, there could be a very large number of UEs in inactive connected state, and it is unclear whether there would be sufficient unique SRS sequences to accommodate such large number of UEs.
Observation 7: If the use of UL measurements for mobility in connected inactive state is to be studied further within he SI, then the above questions will need to be addressed as part of that study. 

Observation 8: For some delay, UL signaling overhead is slightly higher than DL measurement.
Observation 9: For the same delay as DL measurement, UL measurement signaling overhead is almost double (KM+3N more) than DL measurement.
Proposal 1: RAN2 to use cell selection and reselection procedure for idle mode.

Proposal 2: UL measurement cannot be applied to asynchronized network.

Proposal 3: Base on network internal signal overhead, if there is no other benefit (such as UE power consumption) for UL measurement, it is proposed that UL measurement will not be applied in inactive connected state.
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