3GPP TSG-RAN WG2 Meeting#100


     
     R2-1712332 
Reno, Nevada, USA, 27th November -1st December 2017
Source: 
ZTE

Title: 
Consideration on further UE power consumption reduction in FeNB-IoT
Agenda item:
9.13.10
Document for:     Discussion and Decision
1 Introduction

The WID of further NB-IoT enhancements was approved in RAN#75 [1] and reviewed in RAN#76 [2], RAN#77 [3].In which, the following objection is included:

A-1. Further latency and power consumption reduction

· Power consumption reduction for physical channels

· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1, RAN2, RAN4]

· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]

· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 

· Consider further enhancement of quick release of RRC connection after the last data transmission[RAN2]

· Relaxed monitoring for cell reselection [RAN2, RAN4]

· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration

· Support for physical layer SR [RAN1, RAN2]

· Support for RLC UM in addition to Rel-14 SC-PTM support [RAN2]

In this paper, we will discuss some additional issues for UE power consumption reduction.

2 Discussion

2.1 Cell measurement optimization during PRACH procedure
Measurement is supported only in idle mode in NB-IoT, but UE will enter RRC_CONNECTED and stop the cell re-selection procedure only after receiving of the RRCConnectionSetup or RRCConnectionResume message[4], refer to Figure 1. 
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Figure 1. UE measurement procedure
That means UE should perform measurement and cell re-selection procedure during PRACH procedure (in idle mode) based on the current specification [4] as followings:

	36.331[4]:

5.3.3.3
Actions related to transmission of RRCConnectionRequest message

The UE shall set the contents of RRCConnectionRequest message as follows:
…
The UE shall submit the RRCConnectionRequest message to lower layers for transmission.

The UE shall continue cell re-selection related measurements as well as cell re-selection evaluation. If the conditions for cell re-selection are fulfilled, the UE shall perform cell re-selection as specified in 5.3.3.5.
5.3.3.3a
Actions related to transmission of RRCConnectionResumeRequest message

The UE shall set the contents of RRCConnectionResumeRequest message as follows:

…
The UE shall submit the RRCConnectionResumeRequest message to lower layers for transmission.

The UE shall continue cell re-selection related measurements as well as cell re-selection evaluation. If the conditions for cell re-selection are fulfilled, the UE shall perform cell re-selection as specified in 5.3.3.5.
5.3.3.4
Reception of the RRCConnectionSetup by the UE

…
The UE shall:

…
1>
enter RRC_CONNECTED;

1>
stop the cell re-selection procedure;

…
5.3.3.4a
Reception of the RRCConnectionResume by the UE

The UE shall:

…
1>
enter RRC_CONNECTED;

1>
indicate to upper layers that the suspended RRC connection has been resumed;

1>
stop the cell re-selection procedure;

…


Taken into account that NB-IoT is mainly used for low mobility UE and mobility measurement is not supported in RRC_CONNECTED mode, to guarantee that the behavior between UE and eNodeB is consistent, cell reselection should not be performed during the PRACH procedure, e.g. if cell reselection occurred during PRACH procedure, UE will inform upper layers about the failure to establish the RRC connection or failure to resume the RRC connection with suspend indication, but the eNodeB will transmit Msg2 or Msg4 in the old source cell, which will leads the PRACH procedure failure, wastes the radio resource and costs extra UE power, especially in enhanced coverage scene with large repetitions. Taken into consideration that the measurement in idle mode is only used for cell selection and cell reselection procedure, the measurement is also not necessary during PRACH procedure for NB-IoT.

Observation 1: Based on the current specification, cell re-selection related measurements as well as cell re-selection evaluation are performed during PRACH procedure, which is not necessary. 

Taken into account that power saving is vital for NB-IoT and the duration of PRACH procedure may last for several seconds in coverage enhancement scene, the redundancy measurement and cell reselection during PRACH procedure should not be performed for UE power consumption reduction.

Proposal 1: The measurement and cell reselection is not performed for NB-IoT during PRACH procedure.
2.2 Dynamical adjustment for NPDCCH period in RRC_CONNECTED

For UE in RRC_CONNECTED mode, data reception and/or transmission are not performed all the time. When the data reception and/or transmission are performing, PDCCH should be monitored with a smaller interval for less data transmission latency. When the data reception and/or transmission are not performing, PDCCH can be monitored with a larger interval for UE power consume reduction. In NB-IoT system, the starting subframe of the search space is configured by higher layer signalling, i.e. semi-statically. Therefore, the detection period cannot be adjusted dynamically based on actual data transmission status. As shown in figure 1, in data transmission period, UE’s NPDCCH detection period is configured to “T”. Even there has no data transmission (BSR=0 and No DL data), the UE is still needed to keep monitoring the NPDCCH with the configured “T”, that will cause unnecessary power consumption. If the NPDCCH detection period can be dynamically adjusted based on the actual data transmission status, both the less data transmission latency and the UE power consumption can be reduced[7][8].
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Figure 2
One optimized option is that eNB can modify the NPDCCH detection period via high layer signalling, however, signalling overhead would be significant. UE power consumption is also increased due to high layer signalling reception and feedback. We prefer to consider a physical optimization, e.g., adding one bit indicator in DCI. 
As shown in figure 3, based on such DCI indication, UE can use T1(larger than T) as the NPDCCH detection period when no data transmission happens; based on SR+UL grant/DL grant,  UE can use T as the NPDCCH detection period during data transmission. Here two sets of USS parameters with different T and T1 can be configured by RRC message and new DCI is used to dynamically indicate which USS parameter will be used.
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Figure 3 
For example, two sets of USS parameters, or two periods can be indicated by 0 or 1 in the new DCI bit. When UE is detecting NPDCCH with period T and finds the DCI indicator ‘1’, UE will switch to monitoring NPDCCH with period T1, otherwise UE continues to use T. Currently DCI format N0/N1 has 23 bits, therefore, adding 1 bit indicator for dynamic period indication has minimal impacts.

Similar with the above optimization of dynamic NPDCCH detection periods, DRX also can be configured dynamically. For example, two sets of DRX parameters could be configured by high layer, each of them contains different NPDCCH detection period and DRX parameters, and 1 bit in DCI is used to indicate which set will be used. 

Proposal 2: It’s suggested to support dynamical adjustment for NPDCCH period in RRC_CONNECTED mode.
Only when the UE supports the feature of dynamical adjustment for NPDCCH period in RRC_CONNECTED mode, the feature can be enabled. Then the UE capability of second USS support should be reported to eNB. 

Proposal 2a: If the dynamical adjustment for NPDCCH period in RRC_CONNECTED mode is agreed, the UE capability of second USS support should be reported.
Taken into account that dynamical adjustment for NPDCCH period in RRC_CONNECTED mode should be performed based on the DCI indicator, RAN 1 should define 1bit indicator in DCI to support the dynamical adjustment for NPDCCH period in RRC_CONNECTED mode. 
Proposal 2b: If the dynamical adjustment for NPDCCH period in RRC_CONNECTED mode is agreed, send LS to RAN1 to define 1bit in DCI.
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: Based on the current specification, cell re-selection related measurements as well as cell re-selection evaluation are performed during PRACH procedure, which is not necessary.
Proposal 1: The measurement and cell reselection is not performed for NB-IoT during PRACH procedure.
Proposal 2: It’s suggested to support dynamical adjustment for NPDCCH period in RRC_CONNECTED mode.
Proposal 2a: If the dynamical adjustment for NPDCCH period in RRC_CONNECTED mode is agreed, the UE capability of second USS support should be reported.
Proposal 2b: If the dynamical adjustment for NPDCCH period in RRC_CONNECTED mode is agreed, send LS to RAN1 to define 1bit in DCI.
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