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Introduction
[bookmark: _Ref421460494]In RAN #75 meeting, a Rel-15 new WID [1] on further NB-IoT enhancements was agreed, including:
· 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]
In RAN 1 #88bis meeting, some techniques were listed to be evaluated as:
Agreement:
· Techniques to be evaluated:
· Wake-up signal/channel (either relying or not relying on DL synchronization)
· Go-to-sleep signal/channel (either relying or not relying on DL synchronization)
· Compact DCI
· Dynamic USS periodicity
· The use of the technique can be semi-statically enabled/disabled by the network
In this paper, compact DCI was compared with wake-up signal/channel with dynamic USS periodicity. 
 Power saving for paging and connected-mode DRX
The techniques listed in RAN #88bis can be divided into two categories, one is the use of channel/signal, and the other is UE specific periodicity, which can be applied to the other techniques. In this section, we only discuss the channel/signals for DL power reduction. 
For connected-mode DRX, currently NB-IoT already can set onDurationTimer to 1pp (i.e., PDCCH period) and drx-InactivityTimer and drx-RetransmissionTimer to pp0 (i.e., no need to monitor PDCCH). In addition, there is DRX Command MAC control element to stop NPDCCH monitoring, similar as the concept of Go-to-sleep signal/channel. The motivation for introduce a wake-up signal/channel may be using less receiving time to decode a “1” bit information than blindly detect for 8 NPDCCH candidates. However, since any new channel/signal shall not impact on legacy UE and NB-IoT UE occupied a long TTI than one subframe, it is hard to introduce a wake-up signal/channel transmited in a pre-defined resource without any blindly detection, expecially for the symbol-based WUS or GSS signal/channel. It may increase “blocking rate” for eNB schedular. Considering the above analysis, there is no need to introduce any new signal/channel for connected-mode DRX. 
Proposal #1: Not introduce new signal/channel, either wake-up or go-to-sleep signal/channel, for connected-mode DRX.
UE behaviors for paging for each technique assumed in this paper are:
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Alt 1: Wake-up signal/channel (either relying or not relying on DL synchronization)
[bookmark: OLE_LINK5][bookmark: OLE_LINK10]UE first detects for “wake-up signal/channel”, if detected, UE decodes NPDCCH and its scheduled NPDSCH carrying paging; otherwise, UE goes to Idle.
· Alt 2: Go-to-sleep signal/channel (either relying or not relying on DL synchronization)
UE first detects for “go-to-sleep signal/channel”, if detected, then UE go to Idle; otherwise, UE decodes NPDCCH and its scheduled PDSCH carrying paging.
· Alt 3: Compact DCI  
UE detects for compact NPDCCH and maximum maintain legacy behavior. Some fields in DCI are removed to reduce payload, which can be configured in SIB or pre-defined in the spec.
[bookmark: OLE_LINK15]Table 1 summarizes DL receiving time for different techniques. Note that Ramp up and Ramp down are not included, since for each solution, the power consumption is assumed to be the same. Alt 1 and Alt 2 are supposed to have same DL receiving time. However, because the purposes of these two signal/channels are different, the system overhead and probability of false alarm Pfa and probability of missed detection Pmiss are also different. As pointed out in [2], the Pmiss needs to be quite low for wake-up signal/channel and Pfa needs to be quite low for go-to-sleep signal/channel, because the penalty is missing paging transmission.  
Observation 1: Wake-up signal/channel and go-to-sleep signal/channel are expected to provide similar performance on power consumption.
[bookmark: OLE_LINK9]Observation 2: Probability of missed detection needs to be very low (e.g., Pmiss <1%) for wake up signal/channel, and probability of false alarm needs to be very low (e.g., Pfa <1%) for go-to-sleep signal/channel.
Compared with Alt 1/ Alt 2 and Alt 3, if WUS or GSS using compact DCI which only indicates the present of NPDSCH for the UE (e.g., UE-specific or group-specific “1-bit” information), then Alt 3 provides same DL receiving time (i.e., ) when there is no paging record for the UE in NPDSCH. When there is UE paging record in following NPDSCH, Alt 3 will save the NPDCCH monitoring time . However, this means no other indications for NPDSCH decoding (e.g., time/frequency resource, repetition number, TBS), which need to be pre-configured by eNB or pre-defined in the spec. This will sacrifice scheduling flexibility of NPDSCH carrying paging. Some feasibility and analysis will be provided in next section.   
Observation 3: Introducing a new compact DCI (only indicate present of NPDSCH for one group of UEs or one UE) is expected to provide slightly better power consumption performance by skipping NPDCCH detection when there is a NPDSCH carrying paging for the UE or the group of UE. 
[bookmark: _Ref480290048]In the summary of Table 1, the receive time for synchronization and MIB reading (for SFN) is assumed to be the same for all three alternatives, that is, WUS and GSS relying on DL synchronization. For the design which WUS or GSS doesn’t relying on DL synchronization, the receiving time or occupied DL resource are expected to be much more than only convey 1-bit information. In addition, for the case of sleeping time is very short (e.g., <0.67s), this feature is over-designed. On the other hand, if WUS and GSS can allow UE to skip reading of PSS/SSS for asynchronous case, the complexity of decoding such new signal is expected to be much higher. For LTE Cat 1 UE, the PSS/SSS module takes 10~15% of BOM cost of baseband [3]. The percentage of for NPSS/NSSS module is expected to be similar or higher for NB-IoT UE since other parts are reduced. Therefore, it is not recommended to design WUS and GSS, which can provide a functionality of NPSS/NSSS. 
Observation 4: WUS and GSS not relaying on DL synchronization is expected to increase UE cost. 
[bookmark: _GoBack]The payload for paging is 15 bits + 16 bits CRC. Similar as MPDCCH [4], if reducing DCI size from 31 bits to 1+16 bits, the receiving time for NPDCCH can be expected to be 30%~40% for repetition casewhen assuming “one shot decision”. Similar as eMTC, for Type1-NPDCCH common search space, all the candidates start from starting subframe of the search space, and UE will attempt to all the repetitions. Therefore, the actual error rate will be much lower. Take Rmax =8 as an example, for a given SINR, the actual BLER =, which is expected to be much lower than the BLER at Rmax = 8. The penalty of keep trying is increasing of false alarm rate, i.e., linear increasing with the attempt. However, with 16 bits CRC, the false alarm rate is sufficient. . In addition, the expectation of receiving time to achieve a given BLER is even lower. For example, . Moreover, NB-IoT UE is capable to attempt decoding Type 1 CSS every subframe since NB-IoT UE already support USS with more NPDCCH candidates. Therefore, it could be more beneficial to attempt to decode NPDCCH at each repetition. . Compared with compact DCI with CRC, sequence based solution is hard to benefit from it since the false alarm rate may be quite high and UE doesn’t know if the decision is correct or not without CRC. 


Figure 1
In a conclusion, compact DCI and “keep trying” save both power consumption and DL resource. In addition, since false detection rate is quite low with 16 bits CRC even taking into account of “keep trying”. It can be considered to further reduce CRC length. 
Observation 5: Compact DCI with 17 bits payload is expected to provide 30%~40% saving on DL reception time for NPDCCH for paging assuming “one shot decision”. Taking into account “keep trying” of MPDCCH, the repetition achieved target SINR can be significant reduced.
Observation 6: Sequence based WUS or GSS cannot benefit from “keep trying” since UE doesn’t know if the decision is correct or not without CRC.
Based on the analysis and observations above, it is proposed to introduce a compact DCI for paging. 
Proposal #2: Introduce a compact DCI for paging to reduce DL power consumption. 

[bookmark: _Ref480384613]Table 1  DL Receive Time for Different Techniques for paging
	
	Without target UE’s paging record in PDSCH
	With target UE’s paging record in PDSCH

	Legacy behavior
	†
	

	Alt 1: WUS
	
	

	Alt 2: GSS
	
	

	Alt 3: compact NPDCCH
	
	


              † X% is the percentage of paging for another UE. 


Figure 2 Candidate techniques for DL power saving
Compact DCI for paging
Table 2 summarized the existing DCI format N2 for paging and potential reduction for compact DCI. 
· The flag for paging/direct indication differentiation might need to be kept. However, even with the flag, UE might still need to decode NPDSCH to learn which SIB is changed with a very compact DCI. 
· 3 bits Resource allocation field can be removed and replaced by a pre-configured PRB number for NPDSCH, for example 6 PRB as eMTC.
· For NB-IoT, 4 bits for MCS are used to determinate TBS. In eMTC, RAN 2 sent a LS to suggest a TBS table with 8 entries, which needs 3 bits. Alternatively, eNB can a pre-configured a TBS or a set of TBS by RRC and UE can blindly decode for TBS. Considering TBCC is used for NPDSCH, the UE complexity is not expected to be increased. 
· 4 bits Repetition number of NPDSCH may also be reduced. UE can do blindly decoding for different repetition numbers because current UE may early terminate DL reception time for power saving purpose. 
· NPDCCH repetition is indicated for determination of NPDSCH starting subframe. As discussed in Rel-13, starting subframe of NPDSCH can be associated with starting subframe of NPDCCH search space. 
· CRC can be reduced to 8 bits to further reduced DCI size. 
In total, DCI payload can be further reduced to 8~12 bits and nearly 50% overhead and repetition saving can be expected. 
Observation 6: Some fields in DCI format N2 for paging can be eliminated. CRC can be reduced to 8 bits.
Table 2 Compact DCI for paging
	Field 
	DCI format N2
	Compact DCI
	Comment

	Flag
	1 bits
	0 or 1 bits
	May be needed, and UE need to decode NPDSCH for the direct information of SIB change

	RA
	3 bits
	0 bit 
	pre-defined as 6 PRBs

	MCS
	4 bits
	0 or 3 bit 
	using Table 3 as eMTC or pre-configured by RRC

	Repetition 
	4 bits
	0 bit 
	Pre-configured set by RRC with UE blindly decoding

	DCI repetition
	3 bits
	0 bit 
	Fixed timing with search space 

	CRC
	16 bits
	8 bits
	

	Total
	31 bits
	8 or 12 bits
	



Table 3 Transport Block Size (TBS) table for DCI Format 6-2
	

	0
	1
	2
	3
	4
	5
	6
	7

	TBS
	40
	56
	72
	120
	136
	144
	176
	208



Dynamic USS periodicity is another technique to reduce DL power. It can combine with any above alternatives. For eDRX, a UE specific parameter is configured by upper layers. For DRX, DRX cycle is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. This is designed for normal LTE UE and reused for NB-IoT. However, for MTC/IoT traffic, the paging requirement may be quite different based on requirement of application/traffic. Therefore, it is not reasonable to monitor a cell specific DRX if it is much smaller than the one allocated by upper layers. It is worthwhile to introduce a UE specific DRX cycle similar as eDRX. It could highly reduce the probability of decoding a NPDCCH or NPDSCH without its paging. 
Observation 7: Introduce UE specific periodicity can help to reduce UE power consumption. 
Proposal #3: Send LS to RAN 2 to ask RAN 2 consider introducing a UE specific DRX cycle for NB-IoT to reduce UE power consumption. 
Conclusion
In this contribution, techniques for DL power consumption reduction for NB-IoT were discussed. A compact DCI with some pre-configured or pre-defined parameter for NPDSCH carrying paging can provide the most power saving compared with new WUS or GSS signal. In additional, it will not increase UE or eNB complexity. Moreover, UE specific DRX cycle can be considered to further reduce DL power consumption. Based on the analysis, we proposed that: 
Proposal #1: Not introduce new signal/channel, either wake-up or go-to-sleep signal/channel, for connected-mode DRX.
Proposal #2: Introduce a compact DCI for paging to reduce DL power consumption. 
Proposal #3: Send LS to RAN 2 to ask RAN 2 consider introducing a UE specific DRX cycle for NB-IoT to reduce UE power consumption. 
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