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1 Introduction
It was agreed in RAN1#90 [1] that 
Agreement: 
· Introduce interference randomization scheme based on RE-level scrambling for NPDSCH and NPDCCH from Rel-14
· Details (scrambling initialization, applicability to different RNTI/search spaces, signaling) to be discussed and decided during RAN1#90
Agreement for DL: 
· Agree the proposals in R1-1714639.	

In R1-1714639 [2], it states that  
· The interference randomization technique for NPDCCH is applied in the following cases:
· For Type-2 and Type1-CSS, in non-anchor carriers.
· For USS, is enabled by RRC configuration.
· For Type-1A and Type-2A, always.
· The interference randomization technique for NPDSCH is applied in the following cases:
· For PDSCH scrambled by RA-RNTI, TC-RNTI and P-RNTI, in non-anchor carriers.
· For C-RNTI, is enabled by RRC configuration.
· For G-RNTI and SC-RNTI, always.

For NPDCCH in non-anchor carrier, interference randomization should always be applied during random access procedure when UE monitors type-2 CSS according to RAN1 agreement.

The current spec text is as follows from 36.211
“
[bookmark: _Toc454818195]10.2.3.4	Mapping to resource elements
[text omitted]




For frame structure type 1, for NPDSCH associated with C-RNTI when interferenceRandomisationConfig is configured, or NPDSCH associated with RA-RNTI, TC-RNTI or P-RNTI and transmitted in an NB-IoT carrier configured by SystemInformationBlockType22-NB, or NPDSCH associated with G-RNTI or SC-RNTI, or for frame structure type 2, for NPDSCH not carrying the BCCH, define as the block of complex-valued symbols mapped to subframe number  and radio frame number . Each complex-valued symbol  shall be multiplied with before its transmission, with 

	


where the scrambling sequence is given by clause 7.2 and shall be initialized at the start of each subframe with .
”.
“
[bookmark: _Toc454818206]10.2.5.5	Mapping to resource elements
[text omitted]





For frame structure type 1, for NPDCCH associated with RA-RNTI, TC-RNTI or P-RNTI and transmitted in an NB-IoT carrier configured by SystemInformationBlockType22-NB, or NPDCCH associated with G-RNTI or SC-RNTI, or for NPDCCH associated with C-RNTI when interferenceRandomisationConfig is used according to [11], or for frame structure type 2, each complex-valued symbol , shall be multiplied with ,where 

	


where the scrambling sequence  is given by clause 7.2, and shall be initialized at the start of each subframe with . 
”. 
The current spec text is as follows from 36.331
“
interferenceRandomisationConfig 
For FDD: Interference randomisation enabled in connected mode, except for random access procedure in connected mode, see TS 36.211 [21]. For random access in connected mode interference randomisation on non-anchor is used and is not used on anchor carrier, see TS 36.211 [21]. 
For TDD: the parameter is not present. 
”.
2 Early contention resolution
The general procedure of random access of NB-IoT on non-anchor carrier is depicted in Figure 1. 

[image: cid:image001.jpg@01D594A8.E8F3B540]
[bookmark: _Ref23963569]Figure 1 Interference randomization during RACH on non-anchor carrier

During the random-access procedure, TC-RNTI is given to the UE in Msg2 for the UE to use scramble Msg3 and identify the DCI which schedules Msg4. Msg4 is used to resolve the contention and setup RRC connection. The contention resolution is done via MAC CE, where the UE’s TC-RNTI is promoted to C-RNTI if the contention is resolved, and from the moment when contention is resolved, C-RNTI should be used by the UE. See Figure 1 for the detailed procedures. 
It has been identified in a problem in NB-IoT Spec TS 36.211 Rel.14/Rel.15 which brings different chipset implementations in the market for the case of early contention resolution. To be more specific, for NPDCCH there are three difference cases, where interference randomization should be applied. They are
· Case 1: NPDCCH associated with RA-RNTI, TC-RNTI or P-RNTI and transmitted in an NB-IoT carrier configured by SystemInformationBlockType22-NB. 
· Case 2: NPDCCH associated with C-RNTI and mapped to the Type2-NPDCCH common search space in an NB-IoT carrier configured by SystemInformationBlockType22-NB.
· Case 3: NPDCCH associated with C-RNTI when interferenceRandomisationConfig is configured.

Correspondingly, interference randomization should be also applied to the NPDSCH scheduled by the DCI in the above cases. 
In the point of view of the sourcing company, case 2 needs to be further clarified in RAN1 spec in the case of early contention resolution. RAN2 spec supports early contention resolution, i.e., MAC CE is sent in Msg4 to resolve the contention (see Figure 1 where contention resolution ID, CR_ID is first provided in step 5), and RRC setup is done in later messages (step 6 in Figure 1). Here both step 5 and step 6 are scheduled by DL DCI, but the difference is that the DCI scheduled step 5 is scrambled with TC-RNTI whereas C-RNTI is used to schedule step 6. 
To be more specific, in the case of early contention resolution, the UE has already been configured with C-RNTI, but RRC is not setup yet, which means interferenceRandomisationConfig is not enabled. In this case, the UE still monitors type-2 CSS and tries to find a DCI scrambled with C-RNTI for the RRC setup message. In the view of the sourcing company, the current RAN1 and RAN2 specs do not cover the case according to the RAN1 agreement that interference randomization should always be used for type-2 CSS on the non-anchor carrier, at least for the idle mode random access procedures. The current spec indicates that when C-RNTI is used, interference randomization can only be assumed if interferenceRandomisationConfig is enabled, which is not the case for early contention resolution. 
The above problem brings different chipset implementations in the market, which is problematic. Therefore, it is proposed RAN1 clarifies the issue and adopted the text proposal in Section 3.  
[bookmark: _Toc23506093]RAN1 clarifies interference randomization technique for NPDCCH and NPDSCH is always applied on non-anchor carrier for NB-IoT until RRC setup is finished, i.e., when interferenceRandomisationConfig is explicitly configured by higher layer. 
3 Text proposal
[bookmark: _In-sequence_SDU_delivery]10.2.3.4	Mapping to resource elements
<Unchanged parts are omitted>




For frame structure type 1, for NPDSCH associated with C-RNTI when interferenceRandomisationConfig is configuredused according to [11], or NPDSCH associated with RA-RNTI, TC-RNTI or P-RNTI and transmitted in an NB-IoT carrier configured by SystemInformationBlockType22-NB, or NPDSCH associated with C-RNTI in an NB-IoT carrier configured by SystemInformationBlockType22-NB when RadioResourceConfigDedicted-NB is not configured by higher layer, or NPDSCH associated with G-RNTI or SC-RNTI, or for frame structure type 2, for NPDSCH not carrying the BCCH, define as the block of complex-valued symbols mapped to subframe number  and radio frame number . Each complex-valued symbol  shall be multiplied with before its transmission, with 

	


where the scrambling sequence is given by clause 7.2 and shall be initialized at the start of each subframe with .
<Unchanged parts are omitted>

10.2.5.5	Mapping to resource elements
<Unchanged parts are omitted>





For frame structure type 1, for NPDCCH associated with RA-RNTI, TC-RNTI or P-RNTI and transmitted in an NB-IoT carrier configured by SystemInformationBlockType22-NB, or NPDCCH associated with C-RNTI in an NB-IoT carrier configured by SystemInformationBlockType22-NB when RadioResourceConfigDedicted-NB is not configured by higher layer, or NPDCCH associated with G-RNTI or SC-RNTI, or for NPDCCH associated with C-RNTI when interferenceRandomisationConfig is used according to [11], or for frame structure type 2, each complex-valued symbol , shall be multiplied with ,where 

[bookmark: _GoBack]	


where the scrambling sequence  is given by clause 7.2, and shall be initialized at the start of each subframe with . 

<Unchanged parts are omitted>
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Interference Randomization during RACH in Idle Mode
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