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1. 
Introduction
At RAN1#75, the operation of (E)PDCCH for the common search space (CSS) was discussed. The following options were identified, although not captured in the Chairman’s notes:
For common search space messages (SIB, Paging, RAR, TPC):


1. No PDCCH



1a. UE blindly searches for PDSCH resource allocation.

1b. MIB carries scheduling information for PDSCH.


2. Keep PDCCH

3. Occasional PDCCH – similar to SPS

This Tdoc discusses these alternatives. We deal in terms of PDCCH because a CSS has not yet been defined on EPDCCH.

2.
Discussion
We consider the necessity of PDCCH for the various broadcast messages addressed to common search space RNTIs (during non-MBSFN operation). In what follows, we talk in terms of RNTIs, but in fact there may be some details for further study as to the use of existing or new RNTIs during repetition [3].
2.1
SIBs / SI-messages
In general, we identify the problem as being the need to potentially repeat PDCCH many times in a coverage extension scenario to allow successful scheduling of SI-messages. Since BCCH is sent continuously, this could represent a very high resource load on PDCCH for the CSS. Clearly there are trade-offs present in the four alternatives outline in Section 1, and we discuss those in what follows.

We suggest considering three points of comparison between the alternatives identified in Section 1:

1. UE blind search complexity 

2. PDCCH resources needed for SI-messages
3. PDSCH scheduling flexibility for SI-messages
2.1.1
Alt. 1a: UE blind search for PDSCH resource allocation
This has the evident advantage of lightening PDCCH load in the cell, which is especially significant in the case of SI-messages. No additional PDSCH resources are required beyond what would be needed if PDCCH was used as normal, or as in the other alternatives. However, according to [1], the UE would need a new blind search capability spanning per RNTI:
· PRB allocation
· TBS

· PDSCH repetition level

This represents a potentially significant increase in UE complexity, particularly when considering that blind search will still be needed for all other RNTIs in both common and UE-specific search space. It will be necessary to limit the possible PRB allocations and TBS choices to a very small subset of those possible or the blind search load would become very high indeed, even assuming fixed QPSK modulation. Therefore, the eNB has much restricted scheduling flexibility for PDSCH carrying CSS messages. Assuming that the CSS transmissions are shared between MTC and non-MTC UEs, the scheduling restrictions will affect both classes of UE similarly. Unless additional control signaling is introduced, the UE would have to search blindly from scratch for CSS PDSCH in every subframe. If such additional control signaling is introduced, it would itself need to be sent via PDSCH and/or PDCCH repetition, which would have some impact on the remaining resources for those physical channels for other UEs.
Considering that SIBs typically remain unchanged on the period of a few hours, the UE can combine transmissions across multiple SI-windows if it does not successfully decode the SI-message at first. However, in using blind search for PDSCH, the resources could only be changed slowly to avoid significant power consumption increases at the UE, and probably the PRB allocation would need to remain unchanged until the cell-edge UEs could have decoded SIBs reliably.

It would also have to be decided how the UE knows in which subframes there is any SIB PDSCH to avoid wasted blind search effort in every subframe. This is an important point, since having no PDCCH to schedule a PDSCH removes one of the basic principles of LTE since Rel-8.
2.1.2
Alt. 1b: MIB indicates PDSCH resource allocation
There are 10 spare bits in the MIB as of Rel-11. In this alternative, some of them are used to construct a pre-defined index representing the resource allocation and repetition level of the SI-messages (in particular) [2]. As with Alt. 1a, this would have the advantage of relieving the control region of the need to repeat PDCCH for CSS messages. Compared to Alt. 1a, it would not have any blind search requirements to determine the PDSCH resource allocations. It would not affect legacy UE’s MIB.
The main consideration is how many of the 10 spare bits could reasonably be reserved for use by MTC coverage extension. Once a spare bit has been assigned, its meaning clearly cannot be changed to other purposes, so it is important to be conservative in how many bits are used for this purpose, especially considering that there are alternatives that require none of the spare MIB bits. If we assume there are at least three levels of PDSCH repetition for SI-messages, and seek only minimal TBS and PRB flexibility of 2 states for each, we require 12 states, or 4 of the the 10 spare MIB bits. If any further flexibility is desired, 5 bits would be needed.
Similarly to Alt. 1a, this alternative only allows periodic updating of the resource allocation – at most once every PBCH period (40 ms).
It would also have to be decided how the UE knows in which subframes there is any SIB PDSCH, or further states from the MIB bits would be taken up to indicate this.

2.1.3
Alt. 2: Keep PDCCH

In this default alternative, the previously identified problems of potentially large resource usage for sending repeated SI-RNTI PDCCH in particular are apparent. The impact to legacy and non-MTC UEs could be high owing to the substantial reduction in overall control region resource that is left available to send DCIs to them. The PDCCH and PDSCH scheduling flexibility and the UE blind search load are not changed compared to that of the UE-specific search space in low-cost and/or coverage extension operation. However, in coverage extension operation, the PDCCH blind search load could be significantly higher than non-coverage extension depending on decisions as to which PDCCH candidates the UE is expected to monitor.
2.1.4
Alt. 3: Occasional PDCCH schedules SIB PDSCH
In this alternative, one (repeated) PDCCH is treated by CE UEs as scheduling SIBs for an extended period rather than for only one (repeated) PDSCH transmission. Other UEs can still respond to the normal subframes containing SI-RNTI PDCCHs.
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Figure 2: Occasional PDCCH schedules SIB PDSCH.
Since SI-messages are scheduled by SIB1 on a SI-window basis, the validity would make most sense in terms of SI-windows. We assume that only the starting subframe of SI-RNTI PDCCH repetition is defined to be within an SI-window. The eNB would be able to control the PDCCH overhead requirement for SIB transmission, allowing it to respond to periods when the network is quiet and radio resource is plentiful, for example.
The PDCCH and PDSCH frequency-domain scheduling flexibility and are not changed compared to that of the UE-specific search space in low-cost and/or coverage extension operation. The UE blind search requirement at the times when it is to monitor the relevant RNTIs is the same as normal PDCCH operation. In other subframes, the UE is relieved of monitoring these RNTIs altogether, so the overall power consumption required is reduced compared to Alt. 2. The impact to legacy and non-MTC UEs is moderate since there is some increased use of control region resources, but only when PDCCH for SI-RNTI is being transmitted.

Considering that SIBs typically remain unchanged on the period of a few hours, the UE can combine transmissions across multiple SI-windows if it does not successfully decode the SI-message at first. Therefore, having an occasional PDCCH allows the eNB to update the time/frequency location of the SIB transmissions as it wishes without requiring an increased blind search load at the UE.
2.1.4.1 Option A: DCI valid until changed

The simplest way to introduce this is to specify that an SI-RNTI PDCCH is valid until replaced, i.e. all SI-messages are sent in the same PRBs until a new SI-RNTI PDCCH is provided. The UE can assume the starting subframe of PDSCH repetition within each SI-window also remains the same as the most recently-scheduled SI-message until a new SI-RNTI PDCCH is detected. The UE needs to monitor for SI-RNTI within the SI-window as in current operation, but such a PDCCH does not have to be sent.
2.1.4.2 Option B: Starting subframe of PDCCH defines DCI validity

If we wish to reduce the blind decoding load of the UE, then the PDCCH can have a defined validity period. Since there is already a RAN1#75 agreement that starting subframe of PDCCH repetition is a subset of subframes, we could also link the validity in SI-windows to the starting subframe. No signaling is needed for this.

The UE is relieved of needing to blind decode during the validity period, and can assume the starting subframe of PDSCH repetition within each SI-window also remains the same during the DCI validity. However, the eNodeB could not interrupt this validity since the UE would be ignoring MTC-SI-RNTI PDCCHs during this time.

2.1.5
Comparison

The table below summarizes the discussion from the preceding sections. Considering the preference of retaining full frequency-domain scheduling flexibility for the benefit of legacy and non-MTC UEs, and the ability for the network to easily exploit varying availability of control resources, we prefer Alternative 3.

Proposals:

1. For MTC CE UEs, SI-message PDSCH is associated with a PDCCH which can be transmitted less frequently than the PDSCH.
2. How to define the validity time of the associated PDCCH is FFS between Options A and B.
	
	Alt. 1a
	Alt. 1b
	Alt. 2
	Alt. 3

	UE blind search complexity
	Unknown?
	None
	Unchanged
	Unchanged

	PDCCH resources for SI-messages
	None
	None
	Very high
	eNB controllable

	PDSCH scheduling flexibility for SI-messages
	Reduced
	Reduced
	Not reduced
	Not reduced


Table 1: Comparison of SI-message scheduling alternatives.

2.2
Paging / RAR / TPC
These messages are only sent as needed, so represent a much smaller control region load than SI-messages. In repetition, their load will each be similar to that of unicast data. There is thus little motivation to alter their operation with the attendant specification and performance impacts.

 Proposal 3: Paging, RAR, and TPC are scheduled by PDCCH as normal during coverage extension.
3. Conclusions
In this contribution, we discussed the necessity of (E)PDCCH for transmission of common messages, and especially of SIBs, in coverage extension for MTC. We considered whether PDCCH should be always sent, never sent, or occasionally sent for such messages. We make the following proposals:
1. For MTC CE UEs, SI-message PDSCH is associated with a PDCCH which can be transmitted less frequently than the PDSCH.

2. How to define the validity time of the associated PDCCH is FFS between Options A and B.

3. Paging, RAR, and TPC are scheduled by PDCCH as normal during coverage extension.
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