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1 Introduction
In RAN1#92bis, it was agreed that 

If the working assumption is confirmed and when SR is transmitted without HARQ-ACK, it is transmitted in NPRACH resource using NPRACH based signal.

It was further discussed that NPDCCH-ordered RACH resource may need to be shared between UEs for UL timing alignment procedure and for scheduling request.  Further, RACH resources are needed for initial access / cell re-selection in connected state and for EDT. The RACH resource configuration lacks flexibility – i.e. granularity in frequency domain, periodicity.  In some scenarios, RACH resource bottleneck may occur.

This contribution discuss complementary solution for NPDCCH-ordered RACH for SR using UL SPS configuration. The proposed solution can also indicate Buffer Status Report.  

2 Discussion

The NB-IoT WID has an objective to support L1 Scheduling Request. 

Reviewing the purpose and usage of SR we find: 

· The purpose of having a dedicated SR resource is to avoid a full RACH procedure. 

· The SR resource is configured for UEs in connected mode. 

· An SR resource could be configured, e.g. 

· E.g. when a UE connects for MT traffic and it is expected that the UE will deliver a reply. 

· E.g. for an interactive request-response session. 

We conclude that not all RRC Connected UEs need to be configured with SR. In fact only a fraction of UEs would need SR resources. But on the other hand it is also obvious that without SR resources, interactive type traffic becomes expensive and causes high RACH load. 
Observation: We further observe that a small dedicated SPS resource allocation, e.g. the size of a small BSR (Buffer Status Report) could serve a similar purpose as a dedicated SR and reduce the overhead for the UE. The main difference being that a specific L1 scheduling request type of resource could of course have higher capacity than SPS UL-SCH resource. However, the capacity can be managed by allocating SR resources only to those UEs that need it (e.g. by using the UE differentiation feature [1, 2]).
Opinion: As the TU allocation is limited for the WI, and as capacity requirements are not well established, we think having the possibility to use SPS allocation as SR is a possible alternative with relatively low standardization effort. 
3 NB-IoT Overhead Analysis 
In [3], UL SPS was discussed. Not all RRC Connected UEs need to be configured with SR. In fact only a fraction of UEs would need SR resources. But on the other hand it is also obvious that without SR resources, interactive type traffic becomes expensive and causes high RACH load. 
Figure 1 below illustrate an example of time domain NPRACH resource partition in time domain for Msg1 in legacy device and EDT-capable device. The legacy NRACH configuration has similar overhead as in [4]. We assume EDT NPRACH configuration has similar overhead as legacy NPRACH. 

[image: image2.png]48 sub carriers

Legacy, CE 1, 24 sub-carriers, Legacy, CE 2, 12 sub-carriers,  Legacy, CE 0, 12 sub-carriers, EDT, CE 0, 12 sub-carriers,
8 rep, PeflﬂdlCItV 640 32 rep, periodicity 640 4rep, periodicity 40 4 rep, periodicity 40

d
£

\ ~.
\ ~

\ Sl

EDT, CE 1, 24 sub-carriers, EDT, CE 2, 12 sub-carriers,
8 rep, periodicity 640 32 rep, periodicity 640

Time [ms]




Figure 1. Example of time domain NPRACH resource partition in time domain for Msg1

Table 1 provides an overhead analysis for the configuration examples for legacy NRACH and EDT NPRACH without EDT TBS indication in Msg1 illustrated in Figure 1. Legacy RACH and EDT RACH resource overhead adds up to 17.5% (8.75% + 8.75%). A fraction of NPRACH resources can be reserved for contention free RACH as given by configuration parameters ra-CFRA-Config and nprach-NumCBRA-StartSubcarriers. The NPDCCH-ordered RACH resource will need to be shared between UEs for UL timing alignment procedure and for scheduling request.  The RACH resource configuration lacks flexibility – i.e. granularity in frequency domain is 12 sub-carriers, minimum periodicity is 40 ms. RACH resource configuration  in NPRACH-ConfigSIB-NB information elements can only be changed with system information update.

	Overhead (Number of Msg1)

	Legacy CE 0
	Legacy CE 1
	Legacy CE 2
	EDT CE 0
	EDT CE 1
	EDT CE 2

	5% 
(90K RACH resource)
	1.25% 

(11K RACH resources)
	2.5% 

(2.3K RACH resources)
	1.5% 

(90K RACH resources)
	2.5% 

(11K RACH resources)
	1.5% 

(2.3K RACH resources)

	Total legacy NPRACH overhead 8.75%
	Total EDT NPRACH overhead 8.75%


Table 1. Overhead analysis for legacy and EDT NPRACH based on Figure 1.
Table 2 provides overhead analysis for NB-IoT reference signals, synchronization signals, and system information.total overhead RS+sync+SI is 27.5%.  Further details can be found in [5].

	overhead due to NPBCH
	6.0%

	overhead due to NPSS
	6.9%

	overhead due to NSSS
	3.5%

	overhead due to NRS
	8.1%

	SIB1-NB
	3.0%

	total overhead RS+sync+SI
	27.5%


Table 2. Overhead analysis for NB-IoT NRS, NSSS<and SI.
The total overhead including NPRACH, NRS, NSSS, and SI is 45%. In NB-IoT inband deployment scenario, around 31.0% LTE overhead must also be included, taking total overhead to 76.0%. 

Observation 1: Total NB-IoT overhead including   NPRACH, NRS, NSSS, and SI is 45.0% in standalone scenario and 76.0% in inband scenario.
Observation 2: RACH resource configuration lacks flexibility – i.e. granularity in frequency domain is 12 sub-carriers, minimum periodicity is 40 ms. RACH resource configuration change with system information update.
4 Complementary solutions based on UL SPS

Semi-Persistent Scheduling (SPS) can be used in case dedicated SR solutions are not suitable based on scenario

· Dedicated SR with piggy back with HARQ-ACK: no DL transmission
· Triggered NPRACH for SR: no enough spare NPDCCH-ordered NPRACH resources can be used for SR due to heavily loaded cell with many mobile UEs (e.g. bikes)
In current NB-IoT, BSR procedure:

·  eNB polls the UE for UL grant required via NPDCCH order which triggers a RACH procedure   (i.e. based on  configured timer, UE provide MAC CE BSR on NPUSCH via UL grant) 

· or the UE triggers a random access procedure when there is no uplink resources to transmit the MAC CE. 

· if a UE requires urgent UL resources, e.g., to send an alarm type of exceptional report, it can only initiate NPRACH

The BSR procedure can be improved by the use of UL SPS. The eNB can configure the UE with UL SPS resource for MAC CE BSR to removes need for triggered RACH procedure with the following improvements

· Rel-14 skipUplink-feature: UEs does not transmit padding if no data (no impact on UE power consumption)

· SPS grant release if timeAlignmentTimer expires (UE no longer UL time aligned).

Once UL SPS is activated, the UE configured with UL SPS does not have to detect NPDCCH to get UL grant to transmit NPUSCH. There is no scheduling latency to detect NPDCCH or scheduling delay between NPDCCH and NPUSCH. This reduces latency and is also power efficient especially if NPDCCH is scheduled with a high level of repetitions.

UL SPS does not require any physical layer improvements or change in specification. It can re-use already specified features such as Rel-14 skipUplink-feature. UL SPS Parameters such as periodicity, SPS C-RNTI can be configured via RRC signaling. SPS activation/deactivation is indicated by DCI scrambled by SPS C-RNTI. Details for DCI and simple rules to release SPS grant or timer could be specified with minimum effort in RAN2 [6]. 

Observation 3: Impact of UL SPS for SR/BSR  is minimal on specifications.
RAN2#101 concluded
· Will not support Connected mode SPS for Rel-15, except for UL SPS for SR/BSR if RAN1 requests this (as earlier indicated in LS). 

Proposal 1: Use UL SPS solution for the purpose of SR/BSR, as a low effort alternative to PHY Layer SR.
Proposal 2: RAN1 request RAN2 to support connected mode SPS for UL SPS for SR/BSR
1 Conclusion
In this contribution, we discussed UL SPS solution for SR/BSR. We made a number of observations and proposals.
Observation 1: Total NB-IoT overhead including   NPRACH, NRS, NSSS, and SI is 45.0% in standalone scenario and 76.0% in inband scenario.
Observation 2: RACH resource configuration lacks flexibility – i.e. granularity in frequency domain is 12 sub-carriers, minimum periodicity is 40 ms. RACH resource configuration change with system information update.
Observation 3: Impact of UL SPS for SR/BSR is minimal on specifications.
Proposal 1: Use UL SPS solution for the purpose of SR/BSR, as a low effort alternative to PHY Layer SR.
Proposal 2: RAN1 request RAN2 to support connected mode SPS for UL SPS for SR/BSR
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