Page 1

3GPP TSG-RAN WG1 #76bis
R1-141147
Shenzhen, China, March 31st – April 4th 2014
Source: 
Intel Corporation 
Title:                     
Details on PDSCH scheduling for low cost MTC UE
Agenda item:
    7.2.2.1
Document for:
Discussion/Decision
1 Background
In RAN1 #76, the following agreements have been made with regard to low cost MTC:
Agreement:

For PDSCH of the low complexity MTC UEs at least not in coverage enhancement:

· 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.
Agreement:
· # HARQ processes for MTC UEs not in coverage enhancement:

· Keep the same number of processes unchanged from Rel-11
· For HD-FDD, FFS
During email discussion [76-11] [1], different low cost MTC PDSCH scheduling options have been evaluated for both the common channel and the unicast channel. Those options are copied in the Annex for easy reference. In this contribution, we present our views on the trade-offs on the PRB resource allocation options for LC MTC UEs.
2 Cost Saving
2.1 Option C1/U1

In our understanding, option C1/U1 generally reuses the legacy system PDSCH scheduling method, which can/cannot save post-FFT buffer size depending on the PDCCH decoding latency and UE modem architecture. For some UE modem architectures, the overall PDCCH decoding latency may not be a function of the number of blind decoding attempts, DCI size, etc. In particular, the time in decoding the PDSCH at UE may be fixed even though the number of PDCCH blind decoding attempts is reduced to one. If this type of modem architecture is assumed, there are no benefits in saving the PDSCH post-FFT buffer size for sub-option C1.1/U1.1/C1.2/U1.2. On the other hand, if the time when UE starts to decode the PDSCH is highly dependent on the PDCCH decoding latency, in most optimistic case 5.4% of overall hardware cost can be saved.
If U1.4 is adopted, there is no post-FFT buffer size reduction for PDSCH since the EPDCCH spans the whole subframe.
On the other hand, option C1/U1 introduces no or minimum implementation cost increase since the legacy behavior is mostly preserved.
If it is necessary to reduce the post-FFT buffer size in order to save 5%-7% of the overall hardware cost, option C1/U1 should not be adopted.  Otherwise, option C1/U1 is the most implementation friendly option.
2.2 Option C2/U2
For all sub-options listed under U2, the main target is to indicate a potential PDSCH PRB location to the low cost MTC UE before PDCCH decoding is completed, and the PDCCH within the same subframe is used to indicate the exact PDSCH PRB allocation. The amount of post-FFT buffer size that can be saved depends on the number of the potential PDSCH PRBs, and the minimum number of the potential PRBs should equal to the number of maximum PDSCH transmission PRBs of a MTC UE. In the most optimistic case, 7.4% UE hardware cost could be saved [2]. (Post-FFT Buffer is 10% of the total UE baseband consumption, thus, 11/14*94/100 of post-FFT buffer could be saved.)
2.3 Option C3/U3
Option C3/U3 has the same post-FFT buffer size saving for PDSCH as option C2/U2; if the maximum transmission bandwidth of  LC MTC UE is 6 PRBs, the UE manufacturing cost saving is 7.4%.

2.4 Summary
Options C2/U2, C3/U3 and C4/U4 achieve cost saving benefits by reducing the post-FFT buffer size for PDSCH. Option C1/U1 may be able to achieve cost saving benefits only in sub-option C1.2/U1.2 for certain UE modem architectures. 
Observation 1:
Whether option C1/U1 can reduce post-FFT buffer size depends on specific LTE modem architecture. However, C1/U1 is the most implementation friendly option.
Observation 2:
The cost saving benefits of option C2/U2 depend on the PDSCH PRB limitation.  The minimum number of the potential PRBs should equal to the number of maximum PDSCH transmission PRBs of a MTC UE. 
3 Spectral Efficiency
3.1 Option C1/U1

Option C1/U1 should have the highest SE among the four options, since it maintains full PDSCH scheduling flexibility. 
3.2 Option C2/U2
Option U2 may have lower spectral efficiency compared with option U1 due to the lack of full PDSCH scheduling flexibility. However, the overall cell spectral efficiency may not be reduced noticeably because LC MTC UEs are often transmitted with low throughput and normal UEs are likely to contribute the most traffic portion in the cell. In addition to that, the full scheduling flexibility of PDSCH can result in higher spectrum efficiency only if the UE reports sub-band CQI instead of wideband CQI which leads to higher feedback overhead. This is undesirable especially when an MTC UE is in the coverage enhancement mode. Therefore, the scheduling flexibility of C1/U1 is higher than C2/U2 in some scenarios.
On the other hand, some of the sub-options listed under U2 can also achieve sufficient scheduling gain if implemented properly, e.g., if the semi-statically allocated PRBs by U2.3 are spread over the entire system bandwidth. In such cases, it can be expected that the additional scheduling gain of option U1 over option U2 is limited. 
3.3 Option C3/U3

Option U3 may have slight spectral efficiency degradation compared with option U1 due to increased scheduling latency and the characteristics of the time varying channel. Since it can be assumed that an MTC UE often has limited mobility, the Doppler speed is often very slow and the degradation can be insignificant [3].
3.4 Option C4/U4
Option C4/U4 should suffer the worst spectral efficiency degradation from all four options. It should be similar to decreasing the bandwidth from 110 PRBs to 6 PRBs. In addition to the poor performance of the MTC UEs, the normal UE performance may be also degraded if the MTC UEs always seize the fixed 6 PRBs. For 20 MHz system bandwidth, the performance degradation can be quantified as if the system bandwidth is decreased from 110 PRBs to 104 PRBs. The degradation of a normal UE may further increase for smaller system bandwidth.
3.5 Summary 

Option C1/U1 achieves the best spectrum efficiency. Option C3/U3 achieves slightly worse spectrum efficiency than option C1/U1. Option C2/U2, if implemented properly, can achieve spectrum efficiency which is close to C1/U1 and C3/U3. Option C4/U4 achieves the worst spectrum efficiency and also negatively impacts the normal UE spectrum efficiency. Thus, if it is agreed to save UE hardware costs by reducing the post-FFT buffer size, some sub-options in C2/U2 appear to be attractive. For example, in sub-option U2.5, the potential PDSCH PRB allocation can be designed as a mapping function based on RNTI and time (frame, subframe or slot number) or even cell-ID in order to improve the spectrum efficiency.
4 UE Complexity  
In our view, the UE complexity can be considered as the UE baseband processing complexity, assuming that most of the complexity is in the PDSCH decoding process.
4.1 Option C1/U1:
Option C1/U1 has the same UE complexity as the legacy UE. Sub-option C1.2/U1.2 has slightly lower UE complexity owing to the simplified control channel decoding. Since the size of DCI is usually much smaller than the size of PDSCH, the benefit of sub-option C1.2/U1.2 is small.
4.2 Option C2/U2/C3/U3
Option C2/U2/C3/U3 should have similar UE complexity since they all reduce the PDSCH PRB size to fixed 6 PRBs.
4.3 Option C4/U4
Option C4/U4 should have minimum UE complexity, because it decreases the bandwidth from 110PRB to fixed 6 PRBs. 

4.4 Summary 

Overall, option C2/U2/C3/U3/C4/U4 has similar UE complexity as option C1/U1.
5 eNB Complexity 
In our interpretation, eNB complexity can be considered as how much additional features eNB needs to implement.
5.1 Option C1/U1/C4/U4:
These options have lowest eNB complexity since there are no or little extra features the eNB needs to implement.
5.2 Option C2/U2
The eNB complexity depends on which sub-option is adopted. U2.1-U2.4 need more RRC configuration and L1/L2 messages when compared with option C1/U1/C4/U4. U2.5 only requires semi-static PRB location on PDSCH and RNTI may be used to link one group of UEs to certain semi-static PRB locations and consequently there are no L2 messages required. Therefore, sub-option U2.5 has similar eNB complexity as option C1/U1/C4/U4. 
5.3 Option C3/U3
Cross-subframe scheduling may lead to substantial changes in both specification and implementation including potential PUCCH resource collisions between normal UE and LC MTC UEs. For example, if in the nth subframe the PDCCH schedules the PDSCH of the (n+1)th subframe, and if the ACK/NACK delay remains 4 ms as in the legacy system, the eNB expects to receive the ACK/NACK in the (n+5)th subframe, and the normal UEs which receive PDSCH in the (n+1)th subframe will also send ACK/NAK in the (n+5)th subframe. This may result in PUCCH resource collision. Thus, the eNB may need to jointly make scheduling decisions of two consecutive subframes, which is expected to increase the eNB implementation complexity.
5.4 Summary 
Overall, option C3/U3 has the highest eNB implementation complexity and option C1/U1/C4/U4 has the lowest eNB implementation complexity.
6 eNB Scheduling Flexibility 
Most of the eNB scheduling flexibility comparisons have been carried out in Section 3 when we discuss the spectrum efficiency for unicast transmission. In this section, we only address the common channel aspects which are not discussed previously.
6.1 Option C2
SIB1:
Obviously, sub-option C2.1.3 has the least scheduling flexibility since the PRB locations are fixed in the specification. Sub-option 2.1.2 has full scheduling flexibility. Sub-option C2.1.1’s scheduling flexibility lies between two sub-options.
SIBs excluding SIB1 options:
Except for the sub-options defined for SIB1, one new sub-option is defined in which the PRB locations of SIBs can be indicated in SIB1. Since most SIBs have long transmission period, this sub-option has almost full scheduling flexibility.

RAR options/Paging options:
Since similar sub-options are listed for RAR/Paging, the scheduling flexibility of those sub-options will also be similar to those for SIBs.
6.2 Summary 

Except when pre-defined PRB locations are used, the other sub-options either have full or quite good scheduling flexibility for the common channels.
7 Specification Impact
7.1 Option C1/U1
C1.1/U1.1 has almost no specification impact, because it reuses the same scheduling method as the legacy system.

C1.2/U1.2 has considerable specification impact, and it imposes restrictions on the PDCCH search space in order to reduce the blind decoding trials.
7.2 Option C2/U2
The specification impact depends on which sub-option is adopted. In general, the sub-options in option 2 require RRC configuration or semi-static rules for PRB resource allocation.
7.3 Option C3/U3
If option C3/U3 cross-subframe scheduling is adopted, substantial specification impact would be expected. For example: the PDSCH receiving procedure should be changed, since the PDSCH is transmitted in the subframe following the PDCCH.  In addition, certain specification changes might be needed to resolve PUCCH collision issues between cross-subframe scheduled PDSCH and normal PDSCH.  
7.4 Option C4/U4
Option C4/U4 has some specification impact. The MTC UE behaves as if the system bandwidth decreases to a certain number of PRBs. Some specification changes are needed in order to inform the MTC UEs about the assumed system bandwidth. 
7.5 Summary 
Overall, option C3/C3 requires the most specification changes in order to support cross-subframe scheduling. Option 1.1 requires no specification changes. Option 1.2 and option 4 may result in small changes. Option 2 depends on which sub-option is chosen, and it may require either some changes in RAN1 specification or in both RAN1/2 specifications.
8 Summary
In this contribution, we compare the PDSCH scheduling options listed in [1] from the viewpoint of cost saving, spectrum efficiency, UE complexity, eNB complexity, eNB scheduling flexibility and specification impact. The comparison summary can be found in Table 1, where “√” means good, “×” means bad and “?” means “medium”. From the PDSCH scheduling viewpoint, cost saving benefits can be achieved by reducing the post-FFT buffer size. Our analysis shows that 5%-7% UE manufacturing cost saving is feasible for the largest system bandwidth by saving the post-FFT buffer size. This saving comes with the additional cost of implementation. Thus, we believe option C1/U1 is the most implementation friendly option to choose from. On the other hand, if 5%-7% cost saving is deemed necessary by saving the post-FFT buffer size, we believe option C2/U2, or more specifically C2.x/U2.5, is the most attractive option because it can fulfill the cost saving targets with minimum impact on the other considered aspects. As a summary, we propose:

Proposal: Option C1/U1 is the most implementation friendly option. Option C2/U2 is the next most attractive option if option C1/U1 is not adopted. 
Table 1: Comparison summary of all the options
	
	C1/U1
	C2/U2
	C3/U3
	C4/U4

	Cost Saving
	?
	√
	√
	√

	Spectral Efficiency
	√
	?
	√
	×

	UE Complexity
	√
	 √
	 √
	√

	eNB Complexity
	√
	√
	×
	√

	eNB Scheduling Flexibility
	√
	√
	√
	×

	Specification Impact
	√
	×
	×
	√


9  Conclusions
In this contribution, we discuss the trade-offs between different options for PDSCH scheduling methods for LC UEs not in the coverage enhancement mode. Based on the discussion of the contribution, our observations and proposals are recapped as follows:
Observation 1:
Whether option C1/U1 can reduce post-FFT buffer size depends on specific LTE modem architecture. However, C1/U1 is the most UE implementation friendly option.

Observation 2:
The cost saving benefits of option C2/U2 depend on the PDSCH PRB limitation.  The minimum number of the potential PRBs should equal to the number of maximum PDSCH transmission PRBs of a MTC UE. 
Proposal: 

Option C1/U1 is the most implementation friendly option. Option C2/U2 is the second attractive option if option C1/U1 is not adopted. 
10  Annex

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 subframe 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 subframe (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 subframe 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 subframe 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. 
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