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1 Introduction

In this contribution, we discuss some issues related to NPDCCH based on the latest version of the CR for TS 36.213 [1]. Specifically, the following are discussed in this contribution:
· Monitoring of NPDCCH UE-specific search space (USS) on the additional carrier for multi-PRB operation

· On the monitoring of NPDCCH subsequent to reception of a DL assignment carried by NPDCCH

· Clarification on NPDCCH starting position for in-band mode of operation

2 Monitoring of NPDCCH UE-specific search space (USS) on the additional carrier for multi-PRB operation
The following was agreed during the RAN1#84 meeting [2]:
· Multiple NB-IoT carriers for the in-band, guard-band and standalone deployments

· The UE in RRC_IDLE camps on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions

· The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a PRB, for all unicast transmissions (not intended to excluding SC-PTM, if supported), different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions

· If the different PRB is not configured for the UE, all transmissions occur on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· The UE is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB
The intention of the highlighted text in the above agreements was to imply not only reception of NPDSCH but monitoring NPDCCH in the USS on the PRB configured by higher-layer signaling. In fact, the UE behavior for monitoring of NPDCCH USS is more significant here as the behavior corresponding to the NPDSCH reception on the higher-layer configured carrier (as scheduled by the NDPCCH) would naturally follow (since dynamic cross-PRB scheduling of NPDSCH is not supported in Rel-13 NB-IoT).
However, in contrast to the above, the following text from the latest CR for TS 36.213 implies reception of NPDSCH only (from Section 16.4.1 in [1]):

If a UE is configured by high layers with a PRB for receiving NPDSCH transmissions, 

· the UE shall receive NPDSCH on the higher layer configured PRB, 

· the UE is not expected to receive NPSS, NSSS, NPBCH on the higher layer configured PRB.

otherwise, 

· the UE shall receive NPDSCH transmissions on the same PRB on which NPSS/NSSS/NPBCH are detected. 
Thus, in order to capture the RAN1 agreement accurately, instead of the above-quoted text in Section 16.4.1, the UE behavior related to monitoring of NPDCCH USS should be clarified in Section 16.6. 

Accordingly, the following modifications are proposed for Section 16.4.1. and Section 16.6:

------------------------------------------------------------------Start of changes---------------------------------------------------------------

16.4.1
UE procedure for receiving the narrowband physical downlink shared channel
A UE shall upon detection on a given serving cell of a NPDCCH with DCI format N1, N2 ending in subframe n intended for the UE, decode the corresponding NPDSCH transmission in NB-IoT DL subframe(s) n+ki with i = 0, 1, …, N-1 according to the NPDCCH information, where

· subframe n is the last subframe in which the NPDCCH is transmitted and is determined from the starting subframe of NPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI;

· subframe(s) n+ki with i=0,1,…,N-1 are N consecutive NB-IoT DL subframe(s) where, 4<k0<k1<…,kN-1 ,
· 
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is determined by the repetition number field in the corresponding DCI (see subclause 16.4.1.3), and the value of 
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is determined by the resource assignment field in the corresponding DCI (see subclause 16.4.1.3), and 
· the value of k0 is determined by the scheduling delay field (
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is according to subclause 16.6 for the corresponding DCI format N1.

Table 16.4.1-1: 
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If a UE is configured by high layers with a PRB for receiving NPDSCH transmissions, 

· the UE shall receive NPDSCH on the higher layer configured PRB, 

· the UE is not expected to receive NPSS, NSSS, NPBCH on the higher layer configured PRB.

otherwise, 

· the UE shall receive NPDSCH transmissions on the same PRB on which NPSS/NSSS/NPBCH are detected. 
A UE is not expected to receive transmissions in 3 DL subframes following the end of a NPUSCH transmission by the UE.

------------------------------------------------------------------End of changes----------------------------------------------------------------

…

------------------------------------------------------------------Start of changes---------------------------------------------------------------

16.6
Narrowband physical downlink control channel related procedures
A UE shall monitor a set of NPDCCH candidates (described in subclause 10.2.2.1 of [3]) as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the NPDCCHs in the set according to all the monitored DCI formats.

The set of NPDCCH candidates to monitor are defined in terms of NPDCCH search spaces.
The UE shall monitor one or more of the following search spaces

-
a Type1-NPDCCH common search space, 

-
a Type2-NPDCCH common search space, and 

-
a NPDCCH UE-specific search space. 

A UE is not required to simultaneously monitor a NPDCCH UE-specific search space and a Type-1-NPDCCH common search space.
A UE is not required to simultaneously monitor a NPDCCH UE-specific search space and a Type2-NPDCCH common search space.

If a UE is configured by high layers with a PRB for monitoring of NPDCCH UE-specific search space, 

· the UE shall monitor the NPDCCH UE-specific search space on the higher layer configured PRB, 

· the UE is not expected to receive NPSS, NSSS, NPBCH on the higher layer configured PRB.

otherwise, 

· the UE shall monitor the NPDCCH UE-specific search space on the same PRB on which NPSS/NSSS/NPBCH are detected. 
An NPDCCH search space 
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 is defined by a set of NPDCCH candidates where each candidate is repeated in a set of 
[image: image15.wmf]R

consecutive NB-IoT downlink subframes starting with subframe 
[image: image16.wmf]k

.
------------------------------------------------------------------End of changes----------------------------------------------------------------
Proposal 1:

· Adopt the recommended changes to Section 16.4.1 and Section 16.6 of TS 36.213 as indicated above.
3 On the monitoring of NPDCCH subsequent to reception of a DL assignment carried by NPDCCH

The issue of monitoring of NPDCCH subsequent to reception of a DL assignment carried by NPDCCH was briefly discussed during the email discussion on the TS 36.213 CR. The related RAN1 agreement is quoted below for convenience [2]:
· [NPDCCH] Monitoring

· An NB-IoT UE that has received a grant from an NB-PDCCH is not required to monitor NB-PDCCH for any further DL or UL grant during the time period between the end of the NB-PDCCH that schedules the grant and the start of the corresponding NB-PDSCH or NB-PUSCH transmission

While it was correctly pointed out during the email discussion that the above RAN1 agreement does not explicitly cover the case wherein a UE is not expected to monitor for NPDCCH until after the transmission of the 1-bit A/N feedback in response to the NPDSCH scheduled by the NPDCCH, the original intention was indeed to cover this case as well. The motivation follows similarly as in the above RAN1 agreement, i.e., to not require an NB-IoT UE to perform multiple tasks (in this case of processing the NPDSCH and generating the corresponding A/N feedback AND monitoring for NPDCCH). First we note that any DCI transmitted during this time duration can only be used to carry an UL grant or can be used to trigger an NPDCCH order. The latter of the two cases being a “corner case” in the current context, we focus on the first case of transmitting an UL grant to the UE for scheduling of NPUSCH format 1.

For this use case, depending on the number of repetitions used to transmit the A/N feedback on NPSUCH format 2 and the possible values of the UL delay, in many instances it would not be possible for the eNodeB to make use of this time duration in between the end of the NPDSCH and the start of the NPUSCH format 2 transmission. Note that this duration also needs to account for the DL to UL retuning time as well. 
On the other hand, not much efficiency would be sacrificed if the eNodeB is restricted to transmit the UL grant only after the UE’s transmission of NPUSCH format 2 (3ms after the end of NPUSCH format 2 transmission). In fact, the more important aspect of UE complexity reduction and improved feasibility of software-based UE implementation can be achieved if the UE is not expected to monitor for NPDCCH upon reception of a DL assignment via NPDCCH from the end of the NPDCCH with DCI format N1 until the start of the corresponding NPUSCH format 2 transmission. 
Proposal 2:

· If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPUSCH format 2 transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 until subframe n+k-1.
4 Clarification on NPDCCH starting position for in-band mode of operation

In the current version of the CR for TS 36.213 for NB-IoT, there is an editor’s note indicating that further agreements are needed to determine the starting position for NPDCCH within a NB-IoT DL subframe for in-band mode of operation. 
At the RAN1 1st ad-hoc meeting on NB-IoT, the following was agreed [2]:

· In in-band, first few OFDM symbols are not used for NB-PDCCH
· FFS CFI is signaled by SIB or MIB or fixed to 3
Further, at RAN1 #84, the following was agreed [2]:

· For in-band case, the control region size is indicated in NB-SIB1
Thus, the NPDCCH starting position for in-band mode of operation should be the same for both NPDSCH reception and NDPCCH monitoring. Therefore, in Section 16.6.1 of TS 36.213, for the case when the higher layer parameter NBIoT-Operation-mode (or operationMode) indicates in-band mode of operation (i.e., set to ‘00’ or ‘01’), 
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is given by the higher layer parameter lteControlRegionSize.
Proposal 3:

· If the higher layer parameter NBIoT-Operation-mode (or operationMode) indicates in-band mode of operation (i.e., set to ‘00’ or ‘01’), the starting OFDM symbol for NPDCCH (
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) is given by the higher layer parameter lteControlRegionSize.
5 Conclusions

In this contribution, we discussed some remaining issues on NPDCCH related to TS 36.213. Based on the presented discussion, our views are summarized by the following proposals:

Proposal 1:

· Adopt the recommended changes to Section 16.4.1 and Section 16.6 of TS 36.213 as indicated in Section 2 of this contribution.

Proposal 2:

· If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPUSCH format 2 transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 until subframe n+k-1.
Proposal 3:

· If the higher layer parameter NBIoT-Operation-mode (or operationMode) indicates in-band mode of operation (i.e., set to ‘00’ or ‘01’), the starting OFDM symbol for NPDCCH (
[image: image19.wmf]NPDCCHStart

l

) is given by the higher layer parameter lteControlRegionSize.
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