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1      Introduction

The Low Cost and Enhanced Coverage WID [1] was reduced in RAN#63 to focus on the specification of the new LC MTC UE category for Rel-12. In last meeting, RAN1 sent an LS [2] to RAN2 and RAN3 asking “whether it is possible for an eNB to know whether a UE is TBS/bandwidth limited or not for paging and random access response”. This contribution addresses these aspects in relation to the restriction set on the number of PRBs, the options to schedule PDSCH and the differentiation of the Low Cost / Low Complexity UE (category 0). 
2      Discussion

2.1     Restriction on the Number of PRBs for Low Cost UE
RAN 1 in response to RAN2 LS [3] agreed to extend the TBS limitation for the new category 0 UEs, as indicated below in their LS [4] sent to RAN2:

“The maximum TBS shall be 1000 bits for unicast transmission on PDSCH.
The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI. “
The motivation from RAN2 side to request the extension of the maximum number of downlink bits was to allow the maximum size that the SIB messages could currently take on legacy networks. Similar concept also applies to the random access response and paging messages, therefore RAN1 also extended their maximum TBS permitted. On the other hand, RAN1 is still discussing whether the limitation on the maximum number of PRB supported, currently set to 6, should also be modified or not. From RAN2 side, RAN1 has to assure that any limitation defined for cat.0 UEs will still allow the transmission of those messages even with their maximum size, while guaranteeing their successful decoding. The number of PRBs needed per sub-frame depends on different factors such as the modulation scheme, the coding rate and the size of the TB. 

If the DCI CRC is scrambled by P-RNTI, RA-RNTI and SI-RNTI, the modulation order in these physical shared channels is assumed to be QPSK [6]; Qm is set to 2 (the modulation scheme specified by the MCS table is ignored) and the MCS index directly identifies the transport block size. In addition, the coding rate (CR) needs to be smaller or equal than 0.930 to assure that the UE can decode the transport block as indicated below [6]:
“The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.930, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits) divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to higher layer that the transport block is not successfully decoded.”
Annex 1 shows as an example the number of PRB required to convey a TBS of 2216bits for a CR of 0.93 vs 0.5. Assuming 2 antenna ports for the CRS, the number of PRBs required is 10 and 17 respectively. Therefore to support the maximum TBS (2216bits) in a sub-frame with a QPSK modulation scheme while assuring that CR ≤ 0.930, the maximum number of PRBs will need to be extended higher than 6PRBS. 
Proposal 1: RAN2 to confirm that to support the maximum TBS (2216bits) in relation to SI-RNTI, P-RNTI, and RA-RNTI while assuring that coding rate is not higher than 0.930, the maximum number of PRBs allowed need to be extended above 6PRBS (e.g. 15 PRBs) and suggest to RAN1 to consider this aspect.
2.2     Low Cost UE Differentiation for Msg.1 vs Msg.3 and Paging
The potential impact of PDSCH scheduling is a key aspect that RAN2 also needs to also understand and discuss. In RAN1 email discussion [76-11], different methods to schedule PDSCH are been proposed (further details are added in the Annex 2) and a comparison evaluation is been done to understand the impact of each solution based on the spectral efficiency, UE complexity, UE power consumption, eNB complexity, eNB scheduling flexibility and specification impact; our intention in this section is to summarize each option, analyze RAN2 impacts and provide RAN2 recommendations. 
RAN1 is discussing different alternatives for common channels as well as unicast channels. We focus our discussion on one of them as the high level concept of the different options is similar for both type of channels. The methods proposed to schedule PDSCH for common channels are as follow:
Option C1) PDCCH is sent in the same sub-frame to schedule the actual PRBs allocated for the PDSCH within the entire bandwidth. UE needs to store the whole sub-frame while decoding the PDCCH. eNB scheduling is not restricted or impacted.
Option C2) PDCCH is sent in the same sub-frame to schedule the actual PRBs allocated for the PDSCH however the PRB location(s) are previously limited within a number semi-static or predefined PRBs. UE knows in advance which PRBs need to store and will still use PDCCH to find the exact resource allocation. eNB scheduling is not restricted but it is impacted (as the allocation has to done in specific PRBs).
Option C3) PDCCH is sent in previous sub-frame to schedule the future PRBs allocated for the PDSCH within the entire bandwidth. UE only needs to store specific PRBs although the PDCCH is decoded in previous sub-frames to be applied in future sub-frames. eNB scheduling is not restricted however it is highly impacted (due to the allocation across sub-frames).
Option C4) The system bandwidth is split into a 6 PRB bands and the remaining part. Low cost UE is specified as to only support certain 6 PRB band. eNB scheduling is restricted. This solution could be understood as a sub-category of option C2 (in addition, this option is limited to set of 6PRBs due to current RAN1 limitation, however it could also be extended based on proposal 1 above).
Option C2, C3 and C4 propose new methods different to legacy procedures to reduce the cost. The common concept is that the UE would not have to buffer the entire system bandwidth after FFT operation and until PDCCH decoding is completed. Therefore, a certain level of cost reduction is achieved by saving on post-FFT buffer size, keeping in mind that this could vary depending on the implementations. On the other hand, option C1 is very aligned with legacy mechanisms while sacrificing on the cost reduction (as there is no reduction in the post-FFT buffer size). The impacts on the cost reduction of option C1 are still not quantified although some companies believe that this might be significant.
Our preference tends towards a solution that introduces the least impact on the eNB scheduling and is the most closely aligned with legacy procedures. In summary, we can conclude that option C3 would cause a severe scheduling impact for the eNB to handle allocation of resources across and from the same sub-frame; options C2 and C4 (understanding this option as a subset of option C2) try to re-use legacy procedures while restricting the allocation to certain PRBs and option C1 applies the same legacy methodology. 
Observation 1: Option C1 is the method that introduces the least impact in comparison to the other options.
Observation 2: If Option C1 is found to significantly impact the cost reduction benefits, option C2 looks to be the next method that introduces less impact to legacy procedures while providing some flexibility in the scheduler.
In RAN2#85 meeting, it was agreed that network will need to identify category 0 UEs upon Msg.1 or Msg.3 (RRC Connection Request) depending on whether the eNB needs to distinguish its behaviour for transmission of Msg.2 (Random Access Response) or Msg.4 (RRC Connection Setup): 
“The NW should be able to determine that a UE is a low cost device based on Msg1 or Msg3 (decision depends on whether eNB needs to know which PRBs to use for Msg2)”
On the other hand, RAN1 maintained the maximum unicast transmissions restriction set to 1000bits for cat.0 UEs, therefore the network still needs to distinguish these UEs by Msg.3 the latest. Overall Msg1 based differentiation is not a preferred approach as it might introduce more complexity in the dimension and planning of PRACH preamble sequences. Assuming that for cat.0 UEs the limitation on the number of PRBs is extended to support the same message sizes for the SI, RAR and paging as legacy UEs, as suggested in the proposal 1, the following analysis is done:
Table 1: PDSCH scheduling impacts on Msg.1 vs Msg.3 differentiation and paging
	PDSCH Scheduling
	Preferred Msg to differentiate cat.0 UEs
	Differentiation of cat.0 UEs for paging
	Comment

	Option C1
	Msg.3 ( this option does not impact eNB. Initially cat.0 UEs will store the whole system bandwidth until it decodes the PDCCH and then identify which PRBs it needs to decode. 
	No impact foreseen.
	1st preferred option
(There is no impact on legacy procedures and cat.0 UE still can reduce its cost with the buffer for HARQ and turbo decoding)

	Option C2
	Msg.3 ( this option adds less impacts to eNB than Option C3. The eNB will have to schedule dynamically Msg.2 in pre-arranged location for all UEs (Cat. 0 UEs and legacy UEs).
	Minimal impact on eNB.
eNB would have scheduling restriction to specific PRBs for all UEs (Cat. 0 UEs and legacy UEs).
	2nd preferred option
(There is less impacts on legacy procedures than option C3 while allowing certain freedom in the scheduling)

	Option C3
	Msg.1 ( this option uses a different methodology to schedule the PRBs (cross sub-frame scheduling). eNB must know in advance whether a UE is Cat. 0 in order to schedule appropriately.
	Impact on MME and eNB. It might be needed a new LC-P-RNTI and/or changes on current paging procedure. eNB must know in advance of sending paging whether a UE is Cat. 0 in order to schedule appropriately.
	Least preferred option
(It introduces major impacts on legacy procedures)

	Option C4
	Msg.3 ( same as Option C2
	Similar impact to Option C2 although it adds more limitation in the eNB scheduler due to the pre-defined set of PRBs.
	3rd preferred option 
(Similar to Option C2 however it adds even more restriction in the scheduling)


NOTE: Table 1 analysis assumes that the maximum number of PRBs is extended to support the transmission of 2216bits.
Proposal 2: RAN2 to agree that the preferred solution to schedule PDSCH should be the most aligned with legacy procedures while introducing the least impact on eNB scheduling mechanism.

Proposal 3: RAN2 to agree on the analysis shown on Table 1 to differentiate category 0 UEs upon Msg.1 vs Msg.3 and paging message for the different options considered to schedule PDSCH and also use this information to respond RAN1 LS.
Proposal 4: RAN2 to agree to also inform RAN1 of RAN2 preference for option C1 unless the increase on cost is significant, in which case RAN2 would prefer option C2 as introduce less impact in legacy procedures and more flexibility in eNB scheduler than options C3 and C4.
Assuming that RAN2 agrees on the above proposals (1-4), we pass to discuss how Low Cost cat.0 UEs could be distinguished upon Msg.3 (RRC Connection Request). In RAN2#85, we brought a contribution [7] that described the different ways to do this differentiation and a summary is presented below:
Alternative 1) Re-using delayTolerantAccess establishment cause: The drawback is that Low Cost UEs and legacy UEs that might also use the same establishment cause would not be differentiated from each other (e.g. other category of UEs configured for dual priority or for NAS signalling low priority). In addition, the usage of this indication does not guarantee any access delays to the network in congestion situation (e.g. eNB could reject with an extended wait time to back off the UE for up to 30mins) which could be an aspect to consider based on the scenario described in RAN LC MTC TR [8]. Those scenarios look to handle certain delays although they might be shorter than the extreme ones targeted by the delayTolerantAccess cause. On the other hand, the delay requirements of this new UE category are not defined. 
Alternative 2) Adding a new RRC establishment cause value: (e.g. BW-limited value). Even though this alternative is possible, we are reluctant to use one of the spare values for this as this new value does not fulfil completely the original purpose of this IE which is to provide a reason to establish the RRC connection such as mo-Data, mt-Access or emergency.
Alternative 3) Adding a new optional flag IE using the remaining bit available in the RRC Connection Request message: (e.g. new BW-limited IE). This option allows the network to differentiate the new UE category while maintaining the indication of the RRC establishment cause IE which reduces the impact on legacy procedures and keeps the flexibility of having Low Cost UEs to access the network as delay tolerant (delayTolerantAccess) or other access like normal data (mo-Data) based on their internal configuration. 
Alternative 4) Adding a new flag IE using the critical extension of the RRC Connection Request message: This option is not optimum as it adds the most impact in the legacy RRC procedure (as different message structure needs to be defined) and potentially in higher layer (e.g. new RRC/NAS mapping definition might be needed). Therefore, the specification impact would be greater.
Proposal 5: RAN2 to agree that adding a new optional flag IE using the remaining bit available in RRC Connection Request message is the simpler way while keeping the same legacy features (as suggested in alternative 3).
3      Conclusions and proposals
In this contribution, we discuss the open aspects regarding the new UE category for MTC operations and the summary observations and proposals are listed below:
Observation 1: Option C1 is the method that introduces the least impact in comparison to the other options.
Observation 2: If Option C1 is found to significantly impact the cost reduction benefits, option C2 looks to be the next method that introduces less impact to legacy procedures while providing some flexibility in the scheduler.

Proposal 1: RAN2 to confirm that to support the maximum TBS (2216bits) in relation to SI-RNTI, P-RNTI, and RA-RNTI while assuring that coding rate is not higher than 0.930, the maximum number of PRBs allowed need to be extended above 6PRBS (e.g. 15 PRBs) and suggest to RAN1 to consider this aspect.

Proposal 2: RAN2 to agree that the preferred solution to schedule PDSCH should be the most aligned with legacy procedures while introducing the least impact on eNB scheduling mechanism.

Proposal 3: RAN2 to agree on the analysis shown on Table 1 to differentiate category 0 UEs upon Msg.1 vs Msg.3 and paging message for the different options considered to schedule PDSCH and also use this information to respond RAN1 LS.
Proposal 4: RAN2 to agree to also inform RAN1 of RAN2 preference for option C1 unless the increase on cost is significant, in which case RAN2 would prefer option C2 as introduce less impact in legacy procedures and more flexibility in eNB scheduler than options C3 and C4.

Proposal 5: RAN2 to agree that adding a new optional flag IE using the remaining bit available in RRC Connection Request message is the simpler way while keeping the same legacy features (as suggested in alternative 3).
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Annex 1

The number of physical resource blocks (PRBs) required to support the target TBS is relation to the worst case (as per [6]) and a common coding rate are explained in Table 2 below. 
Table 2. Example of the number of PRBs occupied assuming the TBS of 2216 bits
	TBS (bits)
	2216

	Target Effective Coding Rate 
	0.93
	0.5

	Number of encoded bits
	2409
	4480

	Number of PDCCH symbols
	1
	2
	3
	1
	2
	3

	Number of required PRBs
	1 CRS port (*)
	9
	9
	10
	15
	16
	17

	
	2 CRS ports (*)
	9
	10
	11
	16
	17
	19

	
	4 CRS ports (*)
	9
	10
	11
	17
	18
	20


(*) Different antenna ports are considered to account for the resource elements (REs) used for cell-specific reference signal (CRS) transmission
Annex 2
For Low Cost UEs (not in coverage enhancement), RAN1 is discussing different options for PDSCH scheduling methods in the email discussion [76-11]; a summary of the proposed options is shown below:

Common channels

· Option C1: PDSCH within the entire bandwidth scheduled by PDCCH in the same sub-frame (At least, one sub-option below should be selected)

· C1.1 Keep the same number of blind decoding trials 

· C1.2 Reduce PDCCH blind decoding trials

· Option C2: PDSCH PRB location(s) within a limited number semi-static or predefined PRBs, with PDCCH within same sub-frame to indicate exact resource allocation (At least, one sub-option in each category below should be selected) 
· SIB1 Options

· C2.1.1 SIB1 PRB’s location is indicated within MIB

· C2.1.2 The UE assumes PRB locations based on the previous DCI to assign the previous SIB1 

· C2.1.3 PRB location is pre-define in the standard

· SIBs (excluding SIB1) Options

· C2.2.1 PRB location is indicated within SIB1

· C2.2.2 The UE assumes PRB locations based on the previous DCI to assign the SIB within the same or a previous SI-window.

· C2.2.3 PRB location is pre-define in the standard

· C2.2.4. PRB’s location is indicated within MIB

· RAR(Msg2) Options

· C2.3.1 PRB location is indicated within a SIB

· C2.3.2 PRB location is pre-define in the standard

· C2.3.3 PRB’s location is indicated within MIB

· Paging Options

· C2.4.1 PRB location is indicated within a SIB

· C2.4.2 The UE assumes PRB locations based on the previous DCI to assign the previous page

· C2.4.3 PRB location is pre-define in the standard

· C2.4.4 PRB location is RRC configured

· Option C3: PDSCH within the entire bandwidth scheduled by PDCCH (At least, one sub-option below should be selected)
· C3.1 PDCCH is in the previous sub-frame with a method to avoid impact to legacy UE such as using new cell common RNTI, a new DCI with different payload size,  when sharing PDSCH with normal UEs.
· C3.2 PDSCH is in the sub-frame following PDCCH when sharing PDCCH with normal UEs.
· Option C4:  The system bandwidth is split into a 6 PRB band and the remaining part. Low cost UE is specified as to only support the 6 PRB band
Unicast transmissions

· Option U1:PDSCH within the entire bandwidth scheduled by (e)PDCCH in the same sub-frame (At least one sub-option in each category below is should be selected)

· Blind Decoding

· U1.1 Keep the same number of blind decoding trials 

· U1.2 Reduce PDCCH blind decoding trials

· Scheduling Channel

· U1.3 Using PDCCH 

· U1.4 Using ePDCCH

· Option U2: PDSCH location(s) within a limited number of semi-static PRBs, with (E)PDCCH within same sub-frame to indicate exact resource allocation .   (At least one sub-option below is required to be implemented for low cost UE)

· U2.1 RAR(Msg2) assigns the semi-static PRB location for the LC UE 
· U2.2 Msg4 assigns the semi-static PRB location for the LC UE, and PRBs for Msg4 are pre-defined or configured 
· U2.3 A RRC message later than Msg4 assigns semi-static PRB location, and PRBs for PDSCH before and including the RRC message  indicating semi-static PRB location are pre-defined or configured
· U2.4 SIB broadcasts indication(s) of one or more than one set of semi-static PRB location(s). If more than one set, a specification rule links each UE to one set of semi-static PRB locations, e.g. according to a UE identity.

· U2.5 Specifications define one or more than one set of semi-static PRB location(s). If more than one set, a specification rule links each UE to one set of semi-static PRB locations, e.g. according to a UE identity.

· Option U3: (E)PDCCH cross sub-frame scheduling using C-RNTI

· Option U4:  The system bandwidth is split into a 6 PRB band and the remaining part. Low cost UE is specified as to only support the 6 PRB band. 
