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1 Introduction
In RAN1#80bisthe following agreements were made regarding RAR:

· Alternatives for number of UEs in paging/RAR message 

· Alt 1. Fixed number of UE(s)

· Alt 2. Variable number of UEs

· Alt 3. Variable number of UEs with variable padding (total size is fixed)
· Options for paging/RAR transmission mechanism

· Option 1. M-PDCCH + PDSCH carrying paging/RAR messages

· Option 2. M-PDCCH carrying paging/RAR message

· Option 3. PDSCH carrying paging/RAR message

· Further study with consideration of the followings

· Blocking probability needs to be considered

· How many UE monitoring occasions can be configurable in the system

· Spectral efficiency, UE power consumption, and network/UE complexity

In this contribution we address the paging specific issues not addressed our RAR contribution [1], discussing resource allocation and mapping, blocking probability and need for M-PDCCH for scheduling paging.

2 Number of UEs in a paging transmission
In [1], we discuss the RAR transmission and the same analysis holds also for paging, i.e. allocating less than 6 PRBs for a paging transmission is unlikely and the system can be simplified by always allocating 6 PRBs for the PDSCH transmissions carrying paging requests. Similarly, in most cases paging for only a single UE can be encoded in one separately encoded paging request messages to bandwidth reduced and/or enhanced coverage UEs. Simultaneous transmission of paging request messages to more than one of these UEs can still be possible assuming that the paging request messages can be frequency multiplexed.
Proposals:
· 6 contiguous PRBs are allocated for PDSCH transmissions carrying a paging request message.
· One paging message contains paging for one UE.
Furthermore, it would be beneficial from UE power consumption point of view if the UE would not always have to monitor the downlink for paging requests assuming the worst case repetition level. For example, the UE may be able to do early termination in its decoding attempt if it can make an estimate of the downlink quality that is indicative of the number of required repetitions for successful reception of the paging request message.
Observation:
· It would be beneficial from UE power consumption point of view if the UE could do early termination of its paging request decoding attempt when the UE is in good coverage. The feasibility of this is FFS.

RAN1 has sent LSs to RAN4 asking RAN4 about the RSRP/RSRQ measurement performance and about the feasibility of selecting an initial PRACH repetition level based on downlink UE measurements [2]

 REF _Ref419466448 \r \h 
[3]. The answers from RAN4 to these questions may be of some help when determining the feasibility of early termination of paging request decoding.
3 Blocking probability

Similar to for RAR in [1], we here look at blocking probability for paging for different paging scheduling schemes. 

We will use the same options for mapping paging as for RAR: 

1. All messages are transmitted in the same PRB group (e.g. the center PRB group).

2. The messages are evenly distributed between the available PRB groups.

3. Dynamic scheduling of the paging messages to any PRB group using M-PDCCH
Figure 1 shows the blocking probability as a function of the number of new messages assuming 10 MHz (50 PRBs) system bandwidth and 8 PRB groups of 6 PRBs each (8*6 = 48 PRBs ≈ 50 PRBs). Both the cases with and without repetition is shown. For the repetition case, it has been assumed that 70% of the UEs do not require repetition of paging messages, 20 % require 10 repetitions and 10 % require 30 repetitions.
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Figure 1: Blocking probability.

The results show that since paging transmissions are transmitted within one subframe or repetition period in case of CE, unlike RAR where the response can be transmitted within a defined time window, results in higher blocking probabilities for randomized mapping to PRB groups compared to when dynamic scheduling is used. Especially for single PRB group with repetitions the capacity is low, but this can be increased by extending the paging also to the frequency domain. Extending the receive window would reduce the blocking probability further, similar to what is shown for RAR transmissions in [1], but unlike for RAR where the UE knows that there will be a transmission for it during the transmission window, for paging the typical case is that there is no message for the UE. Having a fixed receiving window for paging would increase the power consumptions since the UE will need to stay awake for longer in every paging occasion, but by letting the UE know in each paging message that more paging messages are coming, the increased power consumption can be minimized to the occasions when blocking occurs. Further discussion on the paging procedure can be left for RAN2.
Observation:

· The increased power consumption resulting from introducing a paging queue can be limited to the occasions when blocking occurs.
4 Need for M-PDCCH for scheduling paging
In [1], we propose that no M-PDCCH is used for scheduling RAR, but the UE directly tries to decode the RAR from PDSCH. This is due to the resource allocation, TBS and MCS can be derived without the need for M-PDCCH. Below is a similar discussion for paging:

· Frequency allocation for PDSCH. Similar to for RAR, there is no need to indicate the PRBs within the PRB group, but the M-PDCCH could be used for indicating the PRB group in order to avoid blocking. In section 3, we showed that the blocking can be controlled by introducing a queuing mechanism. The resource allocation of M-PDCCH would anyway need to be included in the paging occasions signaling and this allocation can instead be applied directly to the PDSCH. Again, there is no clear advantage of having M-PDCCH for indicating the frequency allocation for the PDSCH.
· Transport block size of PDSCH.  Unlike for RAR where the payload for a response to a single UE is fixed, the number of bits in a paging message for a single UE can vary within range of 25 to 61 bits [4]

 REF _Ref410404107 \r \h 
[5]. This means that when padding to the supported TBS, the possible TBS for paging are 32, 40, 56 or 72 bits. If no M-PDCCH is used, an alternative method for deriving the TBS is needed.
· Modulation and coding scheme of PDSCH.  With only QPSK modulation used for paging message, the MCS can be derived from the TBS.
In summary, the main problem with control less paging is the variable payload size. Some solutions to the problem are discussed further.

1. Padding to the maximum TBS used for paging. This would mean that a single payload size is used and the UE always decoded the PDSCH using this size regardless. From a system perspective, the design anyway would need to support the maximum payload size for paging, but this would mean that more resources and repetitions are needed for the paging procedure. 
2. Blind decoding of the applicable transport block sizes. Here the UE would blindly try the 4 different TBS and a successful CRC would decide if there is a paging message in the paging occasion. This leave to increased processing in the UE, but this corresponds to decoding a transport block of less than 300 bits and still only a fraction of a UEs available processing power of 1000 bits. The number of blind decodes can be reduced by selecting fewer possible TBS using padding as described above.
3. M-PDCCH carries the paging message. For the (E)PDCCH, the concept of blind decodes is well defined and also low cost UEs will need to support blind decoding of the control channel. Similar to for RAR the advantages of using M-PDCCH for RAR transmissions needs to be weighed against the standardization effort of introducing a common search space.
With the solutions above, we do not see a reason that both M-PDCCH and PDSCH are transmitted for paging and the UE can decode the paging message directly without the need of M-PDCCH scheduling.

Proposal:

· Paging messages are scheduled without the use of M-PDCCH.
5 Conclusions

In this contribution we further discussed paging for MTC and make the following proposals and observations:
Observations:

1. It would be beneficial from UE power consumption point of view if the UE could do early termination of its paging request decoding attempt when the UE is in good coverage. The feasibility of this is FFS.

2. The increased power consumption resulting from introducing a paging queue can be limited to the occasions when blocking occurs.

Proposals:

1. 6 contiguous PRBs are allocated for PDSCH transmissions carrying a paging request message.

2. One paging message contains paging for one UE.
3. Paging messages are scheduled without the use of M-PDCCH.
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