3GPP TSG RAN WG2 Meeting #95bis
R2-166889
Kaohsiung, 10-14th October 2016
Agenda item:

9.3.1.1
Source:
Intel Corporation

Title:
Analysis of UL vs DL Measurement for connected state
Document for:

Discussion and Decision
1      Introduction
During last RAN2 #95 meeting, it was agreed to further study the use of UL measurements for mobility. 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 connected state and provide an analysis for the internal network signalling required in comparison to the DL measurements in LTE.

2      Discussion
In current LTE, DL measurements are used in connected mode. The network configures measurement gap for inter-frequency measurement and the UE continues performing intra-frequency measurement. When the measurement satisfy some event condition (e.g. A3 event), it triggers the UE to send a measurement report to the network. Then the UE performs handover from serving cell to target cell after receiving HO_CMD from the network. To our best knowledge, in UL measurement, the UE periodically sends SRS (Sounding Reference Signals) and network configured TRPs perform measurement. When there is a TRP that measures a better signal, the network configures the UE to perform handover to that TRP.   
In general, two cases are considered for handover: (1) intra-gNB TRP switch and (2) inter-gNB handover. 
Intra-gNB TRP switch

Figure 1 shows an example of possible signalling flow for intra-gNB TRP switch for UL measurement. One obvious feature for UL measurement is that there is no measurement reporting from the UE in trade off of TRP sending measurement to the network. For intra-gNB case, the coordination is only between the TRP within the gNB. Therefore, the internal signaling and coordination are rather easier. 
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Figure 1: Intra-gNB TRP switch

· Step 1: The gNB allocate SRS resource to multiple TRP to measure the UE UL signal

· Step 2: The UE sends SRS on allocated UL resources configured by the network
· Step 3: The TRPs perform measurement on the UE SRS and sends the measurement result to the network

· Step 4: The network sends TRP switch request to the source TRP indicating that a better TRP has been found
· Step 5: The TRP responds with the TRP switch ACK (optionally indicated ACKed PDCP packets). The TRP sends beam or TRP switch message to the UE

· Step 6: The network sends TRP switch command to the target TRP

· Step 7: The network forward unACKed packets to target TRP
Observation 1: One of the benefits of using UL measurements for mobility is that the UE doesn’t have to send measurement reporting to the network.

Observation 2: For intra-gNB TRP switching, limited internal network coordination is needed within the gNB. 
Observation 3: UL measurement may be considered for inta-gNB TRP switching. 
Inter-gNB handover
Figure 2 shows an example of possible signalling flow for inter-gNB handover. In comparison to intra-gNB TRP switching, the signaling flow requires more coordination between the source gNB and target gNB. This coordination includes measurement collecting and forwarding, in comparison to the DL measurement framework.  We observe that DL measurement is a simpler choice at least for inter-gNB handover from the signaling coordination point of view. In term of mobility performance, UE performs measurement periodically for intra and inter-frequency cells based on the specific requirement. In case of UL, the network needs to coordinate with the TRPs around the UE for measurements. If the network select a small subset of TRP and incorrectly identifies the UE direction (TRP coverage), then a measurement may be missed. It is possible that the UE will face RLF because of no network response after sending the SRS. To solve this issue, it is possible to have all TRPs perform measurements, in which case, more internal signaling will be involved on the network side and more energy will be consumed. In addition, from the time the UE sends the SRS in step 2 in Figure 5, the UE will only receive the HO command in step 9. It means that the backhaul delay is very long. It is very like that the UE fails to receive the HO command (one of the main problem in HO in LTE) due to long delay. 
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Figure 5: Inter-gNB handover
· Step 0: The source gNB sends measurement configuration to other potential gNB

· Step 1: gNB allocates SRS resource to multiple TRPs to measure the UE UL signal

· Step 2: The UE sends SRS on allocated UL resources configured by the network
· Step 3: The TRPs perform measurement on the UE SRS and send the measurement results to the network

· Step 4: target gNB sends the collected measurement report from TRPs to source gNB

· Step 5: gNB makes the HO decision and sends the HO request comment to target gNB
· Step 6: target gNB replies with HO acknowledgement to source gNB.

· Step 7: target gNB sends HO indication to the target TRP indicated by the source gNB 

· Step 8: source gNB forward the HO acknowledgement to the source TRP

· Step 9: source TRP sends HO command to the UE with RRC container generated by target gNB 

· Step 6: UE performs random access procedure to target TRP
· Step 7: target TRP sends HO success indication to target gNB

· Step 8: target gNB asks the source gNB to release the UE context
Observation 4: UL measurement requires TRP and gNB coordination resulting in high network internal signaling for inter-gNB handover.

Observation 5: If fronthaul/backhaul delay is long (i.e. TRP-gNB and gNB-gNB), UL measurement may have a long delay from the time the UE sends measurement and receives HO command if source gNB makes HO decision based on uplink measurement by multiple neighbouring gNBs. This may increase HOF. 
Other aspects

Besides the intra-gNB and inter-gNB mobility aspects we discussed in section 2.1 and 2.2, there are some other aspects that may need to be considered in UL measurement performance evaluation. They are:

· 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 6: cell selection criterion of UL measurement may not result in the best DL cell.

Observation 7: In UL measurement, the UE may need to send UL SRS at multiple frequencies for inter-frequency mobility. 

Proposal: RAN2 agree that at least from network signaling point of view, UL measurement is not desirable for inter-gNB mobility. .
3      Conclusion
Observation 1: One of the benefits of using UL measurements for mobility is that the UE doesn’t have to send measurement reporting to the network.

Observation 2: For intra-gNB TRP switching, limited internal network coordination is needed within the gNB. 

Observation 3: UL measurement may be considered for inta-gNB TRP switching. 

Observation 4: UL measurement requires TRP and gNB coordination resulting in high network internal signaling for inter-gNB handover.

Observation 5: If fronthaul/backhaul delay is long (i.e. TRP-gNB and gNB-gNB), UL measurement may have a long delay from the time the UE sends measurement and receives HO command if source gNB makes HO decision based on uplink measurement by multiple neighbouring gNBs. This may increase HOF. 

Observation 6: cell selection criterion of UL measurement may not result in the best DL cell.

Observation 7: In UL measurement, the UE may need to send UL SRS at multiple frequencies for inter-frequency mobility. 

Proposal: RAN2 agree that at least from network signaling point of view, UL measurement is not desirable for inter-gNB mobility. .
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