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Discussion and decision
1 Introduction

As part of the email discussion on system information change notification, 4 alternatives are listed:

Alternative D-1: Keep current assumption (i.e. two different procedures LTE_ACTIVE UE and LTE_IDLE UE)

Alternative D-2: Use paging for LTE_ACTIVE and LTE_IDLE

Alternative D-3: Use one SC-RNTI for LTE_ACTIVE and LTE_IDLE

Alternative D-4: Use different SC-RNTI for LTE_ACTIVE and LTE_IDLE.
In this contribution we focus on the impact of the different alternatives on the blind PDCCH decoding attempts the UE will have to do in IDLE and ACTIVE, and examine if there is a preference for any of these alternatives from this perspective. In addition we look at the aspect of PDCCH capacity.
2 RAN1 status
RAN1 has identified a “common search space” and a “dedicated search space” (see [1]).
Common Search Space (CSP)

The CSP should be used for any common transmissions like for D-BCH scheduling, common power control, paging, and RACH response. In addition it is also allowed for an eNB, in order to increase PDCCH usage freedom if the dedicated search space is already exhausted by scheduling assignments to other UEs, to signal dedicated transmissions in the CSP if capacity allows. The capacity of the CSP is quite limited, currently independent from the cell BW, and it only includes 6 blind decodes (2 on 8CCE level, 4 on 4 CCE level). Some very limited re-configurability may be possible (FFS) but it is not expected to alter the limited capacity constraint.
The common transmissions in the CSP have to be able to reach the cell edge. Therefore RAN1 has decided to introduce a new very small PDCCH format “format 1C” that can be used for the common transmissions. As a result, an IDLE mode UE would only have to look for format 1C when performing blind decoding for paging, RACH response, or dynamic system information. Note however that common power control commands in the CSP (which are using 3/3A) are currently assumed to have the same size as format 0/1A.
Dedicated Search Space (DSP)
The DSP is configured per UE in ACTIVE mode. It will be used for dedicated control signaling, although as indicated above the CSP can also be used for this.
The UE might have to do quite many blind decodes in the DSP/CSP for dedicated signaling (e.g. multiple aggregation levels / more than one formats). As a result, the UE blind decoding complexity is mainly impacted by the blind decoding attempts the UE has to do in ACTIVE mode rather than in IDLE mode where only the CSP needs to be considered.

3 Blind decoding by ACTIVE mode UE

It is still FFS whether an ACTIVE mode UE would have to be able to look for format 1C in the CSP in addition to other formats in the CSP/DSP:

1) An ACTIVE mode UE so far does not need to receive paging

2) Common power control commands for PUCCH / PUSCH are sent with format 3/3A only 

However there seem to be several cases where this might already be required if no further restrictions are specified:

3) An ACTIVE mode UE (which was e.g. not allocated a dedicated SR and needs to send a RACH transmission in order to be scheduled in the UL, or lost UL sync and for this reason needs to access RACH before doing further UL transmissions) trying to receive a RACH response would have to look for 1C. However since such a UE might also be scheduled by the eNB at the same time, it should preferable also look for other formats in parallel.

4) An ACTIVE mode UE which has received a System Information change notification and has to re-acquire D-BCH information (e.g. SIB2), might (depending on DRX) have to look for format 1C in addition any other format normally used for dedicated signaling.

If RAN2 thinks that a UE shall be able to receive PRACH responses in parallel to UL grants/DL allocations, or thinks that the UE shall be able to received D-BCH in parallel to other UL grants/DL allocations, then the ACTIVE UE shall be able to receive 1C in the CSP in addition to any other formats in the CSP/DSP.

Proposal 1: 
It is proposed that RAN2 indicates to RAN1 whether an ACTIVE UE shall be able to receive format 1C (i.e. RACH responses, D-BCH, paging) in parallel to receiving other UL-SCH/DL-SCH related DPCCH signaling.

4 System Information Change notification
Alternative D-1: Current RAN2 assumption (different procedures for ACTIVE and IDLE UE)

The current assumption in RAN2 is that IDLE mode UEs will receive the SI-change notification as part of paging message that these UE’s anyway try to receive at wakeup. So e.g. every 1.28s, the UE listens to PDCCH and if it finds the paging-RNTI (P-RNTI), it will try to receive the corresponding transmission on DL-SCH. In addition to all paging records that might be present in this DL-SCH transmission, also an SI-change notification could be present which tells the UE to re-acquire system information. 

For ACTIVE mode UEs the current assumption is that a special system information change RNTI will be sent for ACTIVE mode UEs (SC-RNTI). It is still FFS where the ACTIVE mode UE’s should listen for this SC-RNTI.  E.g. options are e.g. at a location distributed similarly as the IDLE mode paging occasions (e.g. distributed over 1.28s based on the C-RNTI), or e.g. at a common subframe identical for all UE’s.

In this solution, it would be possible to send the P-RNTI always with format 1C, and use 1A for the SC-RNTI. 


=> No additional blind decodes would be required for the IDLE or ACTIVE mode UE. 
Alternative D-2: Use paging for LTE_ACTIVE and LTE_IDLE

In this solution, the ACTIVE mode UE would still have to receive the paging messages at its IDLE mode paging occasion. 

The ACTIVE mode UE would have to able to receive the P-RNTI on format 1C in the CSP in combination with the C-RNTI on other formats in the CSP/DSP. If these additional blind decodes are a problem, several approaches could be considered, e.g.:

a) The UE is allowed to ignore any 0/1A formats on the CSP in subframes where it has to check for format 1C on the CSP (e.g. 1 subframe every 500ms).
b) We could mandate the IDLE mode UE to also always try the format 1A in addition to 1C for the P-RNTI in the CSP when trying to receive paging. Then an eNB can normally use format 1C for paging, but would use 1A when also a system information change would need to be notified. In this case the ACTIVE mode UE would not have to receive 1C for receiving paging.
=> 
In this solution, additional blind decodes by the ACTIVE or IDLE mode UE will be required, unless we allow the ACTIVE UE to ignore certain formats in the “SI-change subframes”.
Alternative D-3: Use one SC-RNTI for LTE_ACTIVE and LTE_IDLE

If the SC-RNTI is sent with format 1C, then:
· the IDLE mode UE would have to be able to receive the P-RNTI and the SC-RNTI in the CSP, both with format 1C. This is assumed not to increase UE complexity significantly.
· the ACTIVE mode UE would have to listen also to format 1C for the P-RNTI, and other formats for the C-RNTI (i.e. potential additional blind decodes conform D-2)
If the SC-RNTI is sent with format 1A, then:
· the IDLE mode UE would have to be able to receive the P-RNTI with format 1C and the SC-RNTI in the CSP with format 1A. This might mean some additional UE power consumption for the IDLE mode UE (significance FFS).
· the ACTIVE mode UE would have to listen to its normal formats (no 1C) for C-RNTI and P-RNTI.
=> 
If we sent the SC-RNTI with format 1C, the same issues as for D-2 arise. 

=>
If we sent the SC-RNTI with format 1A, this might mean some additional UE power consumption for the IDLE mode UE (significance FFS)
Alternative D-4: Use different SC-RNTI for LTE_ACTIVE and LTE_IDLE.

In this alternative it would be possible to send the SC-RNTI for IDLE mode UE’s with format 1C, and the SC-RNTI for ACTIVE mode UE’s with format 1A. 

=> No additional blind decodes would be required for the IDLE or ACTIVE mode UE. 

Proposal 2: 
Since alternatives D-2 and D-3 might have some impact on UE blind decoding complexity/power consumption, it is proposed that if one of these alternatives is preferred by RAN2, the impact on blind decoding is verified with RAN1.
5 PDCCH capacity

Paging occasions should quite typically be limited to no more than 1 subframe every frame. In FDD, up to 4 subframes might be used per frame. Also in TDD up to 4 subframes might be used but this could potentially be all DL subframes (depending on UL/DL configuration).

As indicated in section 2, with the current RAN1 status, the capacity of the CSP is quite limited. If we consider transmissions that really need to reach the cell edge, only 2 PDCCH’s (each with 8 CCE’s) will be available.
For all identified alternatives, reaching IDLE mode UE’s will required that e.g. during 1.28s (or multiples of this for reliability) the eNB continuously has to transmit something on PDCCH in all paging subframes. This can be either the P-RNTI with a paging message on DL-SCH indicating the SI change (alternatives 1, 2), or the SC-RNTI (alternatives 3, 4). So in all cases we will lose 1 of the 2 PDCCH’s in the CSP for this during paging subframes.

“Losing” one PDCCH during e.g. 1.28s is unavoidable if we want to limit the UE activity in IDLE mode. It will mean that only 1 PDCCH is remaining for D-BCH, RACH responses, Format 3/3A power control commands and any common SI-change notification for ACTIVE mode UE’s. This seems only acceptable because the occurrence expectation is quite low (e.g. once every hour or less) and the paging subframes typically span a limited part of all subframes. Still it would be good if we can limit the additional PDCCH overhead for indicating a SI-change to ACTIVE mode UE’s.

Alternative D-1: Current assumption (i.e. two different procs for LTE_ACTIVE UE and LTE_IDLE UE)

The additional PDCCH overhead for ACTIVE mode UE’s largely depends on when ACTIVE mode UE’s are supposed to receive the SI-change notification:

· If the same solution is used as for IDLE, e.g. UE’s are spread over all “paging” subframes during 1.28s, then the PDCCH overhead would double.
· If e.g. one common subframe is selected for all ACTIVE mode UE’s per paging cycle, then the additional overhead is negligible.
Alternative D-2: Use paging for LTE_ACTIVE and LTE_IDLE

No additional PDCCH overhead since the IDLE mode solution is re-used
Alternative D-3: Use one SC-RNTI for LTE_ACTIVE and LTE_IDLE

No additional PDCCH overhead since the IDLE mode solution is changed to the SC-RNTI solution, which is then used by both ACTIVE and IDLE mode UE’s. Note however that since paging will still require separate PDCCH’s, the total PDCCH overhead is still a bit higher than for D-2.
Alternative D-4: Use different SC-RNTI for LTE_ACTIVE and LTE_IDLE.

Same reasoning as for alternative D-1 applies.
Summary

Alternatives D-2 and D-3 create no significant additional PDCCH overhead. For alternatives D-1 and D-4, the PDCCH might double depending on the selected subframe allocation solution. 
This additional PDCCH overhead needs to be balanced by the potential UE power saving gains that could come from having the UEs’ wakeup matched to its DRX configuration. Since it is probably good to distribute the DRX occasions, it might still be preferable to also distribute the SI-change occasions in which case alternatives D-2 or D-3 seem preferable.

6 Conclusion

Proposal 1: 
It is proposed that RAN2 indicates to RAN1 whether an ACTIVE UE shall be able to receive format 1C (i.e. RACH responses, D-BCH, paging) in parallel to receiving other UL-SCH/DL-SCH related DPCCH signaling.

Proposal 2: 
Since alternatives D-2 and D-3 might have some impact on UE blind decoding complexity/power consumption, it is proposed that if one of these alternatives is preferred by RAN2, the impact on blind decoding is verified with RAN1 before a final decision is made.

Proposal 3:
RAN2 is requested to take the PDCCH overhead considerations stated in section 5 into account when making a decision amongst the 4 alternatives.
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