3GPP TSG RAN WG1 Meeting #78





R1-143397
Dresden, Germany, 18th – 22th August 2014
______________________________________________________________________Agenda item: 7.2.3.1.1
Source: LG Electronics
Title: Summary of Email discussion [77-18] TA in SA for D2D
Document for: Discussion and Decision
1. Introduction
RAN1 reached the following agreement on TA in SA in RAN1#77:
Agreement:
6 bits are used to indicate D2D reception timing adjustment in SA (at least for Mode1), giving values of TA spaced at intervals corresponding to the extended CP length with a cell radius of 100km.
On top of this agreement, a WF was submitted in R1-142738 with the following proposals:

Proposals:

· FFS the granularity and the number of bits of the timing adjustment (TA) in SA.

· FFS whether additional information is transmitted, e.g., in SIB, PD2DSCH. 

· If no consensus is reached at RAN1#78, the agreement at RAN1#77 is kept

RAN1 agreed to launch Email discussion [77-18] TA in SA for D2D to conclude this issue, and this document is the summary of the email discussion.
2. Company views
2.1. Issues in the RAN1#77 agreement
[LG] We think that the TA granularity in the agreement is too coarse for the receiver window setting. The maximum quantization error is half of the extended CP length and the receiver window cannot be set properly unless the RX UE additionally performs fine time tracking at the cost of increased implementation cost. The error can become even larger if the eNB updates TA of the TX UE after SA is transmitted. In addition, we are not sure whether supporting 100 km cell size is really important for all the PS UEs given that such a large cell size requires either increased SA size or coarse TA granularity.
[QC] In our view, current agreement does not provide enough granularity for accurate receiver window setting especially in the case where NCP is being used.
[HW] As one of the 16 co-signing companies of the WF at the last meeting, we still have the concern that 6-bit UE-specific timing adjustment will bring ICI problem, which will impact the D2D communication performance. Our simulation results show that the probability of the occurrence of ICI is even larger than 20% if the UE is uniformed distributed in the cell. The larger the cell radius, the larger the maximum timing error. For ISD1732 scenario, the maximum timing error can be up to 6μs. If ISD is 2600m, the maximum timing error can even be 10μs.
[IDCC] We are not one of the co-signing companies of the WF submitted in R1-142738, but we share the concern that the TA granularity in the existing RAN1 agreement is too coarse and will result in a significant degradation to demodulation performance. We think that similar to LTE design assumptions for past Releases, we should nominally support cell sizes up to 100 km, yet this should not come at the cost of sacrificing D2D Rx performance for all D2D terminals, most of which will never need to deal with communications range of 100km.

[ALU/ASB]  We are the co-source companies of R1-142738.  However, we saw the problem differently.   TA is used for adjusting the transmitting time to align the UL receiving signals at the eNB.   D2D are between two UEs.  TA values are relative to serving eNBs.   D2D receiving UEs could not use the received TA value, which is the transmitting UE’s timing adjustment to its eNB, to determine the receiving window of D2D signals.   Thus, the granularity of TA is not relevant to the receiving window timing.   
[Samsung] we also agree the smaller number of TA bits in SA is inevitable for coverage extension for SA. However, with current assumption of 6 bit TA, rough estimation of TA granularity to support 100km cell range is about 10.4us and we think this value is too big compared with current uplink TA granularity (0.52us) considering smaller cell size which is typically used. Like concerns from other companies, we think it will bring the performance degradation in a D2D receiver due to inaccurate receiver timing. 

[Panasonic] At first, we would like to clarify the scope of this email discussion. Can we understand this discussion focuses on "at least mode 1", including both TA size field in SA and UE behavior to set/receive TA value? Is mode 2 discussion out of the scope? 

Are there common understanding that the target to solve ICI by TA is for eNB reception or for D2D reception? It looks this question is similar to what Fang-Chen asked.

If the target is WAN protection of eNB reception, we think to solve ICI by TA is not possible when CP length are different between LTE WAN and D2D. We think one of the important use case is LTE WAN is normal CP and D2D is extended CP. Then power control or other means is more important for LTE WAN protection of ICI.

If the target is D2D reception of D2D capable UE, RAN1 has following agreement in R1-133917,

•        Geographic area of operations for D2D ProSe Communication could be up to 1.5 mile radius per incident scene.

Therefore, more than CP length (at least for ECP) timing difference of arrived signals is not required for UE reception. The alignment of the D2D UEs is useful to reduce ICI beyond CP length propagation delay but not mandatory. Each D2D UE chooses suitable window position around this UE. Then we are not so sure the need of the alignment among D2D UEs.

Another question related to TA is what is D2D capable UE's receiving FFT assumption. One FFT timing in a subframe for multiple D2D or individual FFT timing for each D2D reception? Or separate FFT for mode 1 and mode 2 receptions when mode 1 and mode 2 are transmitted in the same subframe?
[CATT] I am in sympathy with ALU’s concern on how TA, which is to adjust timing to align with reception at eNB, can be used for D2D Rx. Whether TA indication in SA is useful depends on the difference between UE-UE distance and UE-eNB distance. Assuming there is a large cell, e.g. 100km, but D2D UEs are closed to each other, i.e 0.67ms difference,  TA indicated in SA will make Rx UE to move the receiving window much early than the actual transmission. There will also be similar problem when D2D Tx UE is closed to eNB, but distance between D2D UEs is quite large. The reception would be out of CP. Possibly having difference regions within such a cell with large size can help, but I am not sure how to specify it. If that is too complicated, in practice, the easy way for network is to separate D2D and WAN transmission resources in time domain and set TA=0 for D2D UE.
[Intel] In our view, current agreement needs to be enhanced to provide sufficient TA granularity and cover different cell sizes.
2.2. Possible solutions
[LG] We think that the TA granularity should be fine enough (e.g., 16 Ts as in the current UL TA) at least in practical cases where the cell radius is not as large as 10s km. Our preference is to keep the agreed SA overhead (i.e., 6 bits for TA) to keep the coverage of SA, and we can consider the following two options for the possible solution:
· Option 1: Use a fixed fine resolution for the TA signaled in the SA, and apply an additional semi-static TA offset which is signaled via SIB and PD2DSCH as a part of the SA resource pool configuration. The final TA used for the reception window setting is the sum of the two signaled values.
· Option 2: Change the TA granularity according to the absolute TA value. For example, the TA increases with a smaller step until it reaches a threshold and a larger step size is used after the threshold. We note that this is similar to the quantization method used for RSTD measurement report “The reporting range of RSTD is defined from -15391Ts to 15391Ts with 1Ts resolution for absolute value of RSTD less or equal to 4096Ts and 5Ts for absolute value of RSTD greater than 4096Ts” in Section 9.1.10.3 in TS 36.133. The UE performance requirement might be relaxed when the cell size is impractically large.

[QC] We prefer to keep the current SA overhead of 6 bits, and propose that the TA granularity takes one of four values depending on the deployment. The value of the granularity is signaled along with SA resource pool information (in SIB). The possible values for granularity proposed are: 16Ts, 72Ts, 256Ts, 384Ts (corresponding respectively to 0.5us, NCP/2, ECP/2, 3ECP/4).  We also propose that NCP is not used for D2D data when granularity of ECP/2 or 3ECP/4 is configured.  Finally, we propose that for the partial coverage case, UE is pre-configured with a value, and assumes that the same value is configured by the network. 
[HW] Timing adjustment signalling carried by SIB can help the UE to avoid the ICI problem. We propose 11bit length TA signalling in SIB with 16Ts granularity.

[IDCC] We prefer to keep the size of the reduced TA field in the SA at 6 bits. Primary design objective for the SA should still be to achieve a good enough link budget for single subframe SA transmissions even when 2-3 OFDM symbols on the PRB’s used by the SA were punctured for other D2D signals. This requires keeping the SA payload as small as possible. We propose to use 16 Ts as resolution for the TA and to combine the SA signalled value with a semi-statically signalled offset from the D2D SIB 18 or PD2DSCH, i.e. LG Option 1. We think that signalling the TA granularity for interpretation of the TA in the SA as suggested by QC could be an alternative.
[ALU/ASB] We prefer to set TA at 0 bit since it is useless in helping the D2D receiving window setting.  If 0-bit TA is not agreeable, we would prefer to keep current agreement of 6-bit TA.  
[Samsung] we prefer to keep the current assumption of 6 bits for TA in SA. TA granularities can be configured via SIB according to the cell size and the deployment. Four values for TA granularity proposed by QC seems fine, but we can consider more bits for the TA granularity for better performance. For the partial coverage case, the TA granularity information can be carried via PD2DSCH for the D2D UEs which are not able to receive SIB.

[Ericsson] - fixed (in the spec) resolution of the TA indication, e.g., 16Ts or 72Ts (the single preferred value is to be confirmed by simulation)

-If 16Ts is chosen the TA field in the SA is 10-11bits long, if 72Ts is chosen the TA field in the SA is 8 bits long.
Justification:

We agree that a reduction of the TA granularity could benefit D2D performance. We feel that some proposals based on SA overhead minimization have the merit of lower SA overhead but at the same time they may impose a number of undesirable constraints/consequences/complications on performance requirements and eNB/UE implementation, they may increase overhead on SIB, they may fraction radio resources by multiplying the number of pools and they increase NW configuration complexity, which is already significant for D2D.
[ZTE] Given the limited time to finish D2D WI in Rel-12, our preference is also deciding on a simple solution that can work and leaving further optimization to future releases. From this sense, we think TA resolution of half cyclic prefix is tolerable. The cyclic prefix can be NCP or ECP, to accommodate small and large cell sizes, while keeping the number of TA bits to be 6. In light of Ken's guidance, eNB-UE distance based UE grouping seems to over-complicate the scenario and fragment the resource pools, which would ultimately hurt the overall performance, and increase the receiver's complexity.  Thus our proposal is: 

- The number of bits for TA in SA is 6 

- TA resolution is fixed to 72 Ts when NCP is configured by the network, or 256 Ts when ECP is configured by the network.
[Panasonic] TA in SA is 6 bits. The resolution is fixed to 72 Ts or 256 Ts depending on CP length of D2D data.
[CATT] If we have to give a TA in SA, finer granularity is preferred for us, e.g.16Ts.
[Intel] As we described in our contribution (R1-142870), the interpretation of TA field in SA should be dependent on cell radius and distance of D2D TX relative to serving eNB. Timing adjustment field in SA can be reinterpreted according to the deployment specific parameter associated with the max cell radius which may be broadcasted in SIB. The SIB signalling can be used to indicate one of the predefined TA granularity sets (TAGS). For instance, two sets of timing advance granularity sets can be defined for deployments with cell radius < 10 km and deployments with cell radius < 100 km respectively. The indication of which sets shall be used by D2D TX can be signalled by the SIB:

· TaGranSet1 = [16Ts, 32Ts, 64Ts] for deployments with cell radius < 10 km;

· TaGranSet2 = [64Ts, 128Ts, 256Ts]·5/4 for deployments with 10 km < cell radius <100 km;

The 6 bit TA signalling in SA can be interpreted according to the TA granularity set indicated by SIB. The 6 bits TA field in SA is composed from two subfields in order to enable adaptive TA granularity depending on the actual TA value between UE and eNB:

· TA-SA-MSB. 2 MSBs encode information about TA region (TAR) in logarithmic scale and corresponding granularity. It is also used to derive coarse timing advance offset (TAO) applied by D2D transmitter. The TAR and TAO are associated with the TA granularity set indicated by SIB of serving cell and can be calculated as follows:

The UE uses the actual TA relative to SA transmission timing (DL reception timing) to determine the TA region in logarithmic scale and encodes it using two MSBs to further derive the timing advance granularity (TAG) and timing advance offset (TAO):

Timing advance region:
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Timing advance granularity: 
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Timing advance offset:
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· TA-SA-LSB. The remaining 4 LSBs bits encode information to derive the final timing adjustment using granularity and timing offset indicated through two MSBs (TA-SA-MSB). The final TA value is:
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The proposed solution requires 1 bit signalling in SIB and reuses the already agreed 6 bits for TA signalling in SA. The Figure 1 below illustrates the basic principle for interpretation of the proposed TA signalling for deployments with different cell radius.
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Figure 1. Illustration for D2D TA interpretation in SA message.
[Nokia Corporation/Nokia Networks] In general we share the view that a simple and robust solution is necessary, in particular considering the time constraints on concluding the WI. Moreover, we are concerned with solutions leading to configurable granularity, because there is a risk that the receiver will have incorrect understanding of the TA information in that case. For example, let’s consider a UE that is in the border between two cells of different size, and thus using different granularities for the TA in SA, and that UE is also receiving signals from out of coverage UE. When receiving an SA with a TA indication, in general that UE has no means to know which resolution it should use to interpret that SA value, as that transmission could come from either one of the cells or from out of coverage, at least as long as common resources are used for the corresponding TX pools.

These conflicts are not existing if we allow the possible values to be implicitly obtained, e.g. by mapping them to CP length as proposed by ZTE. However, the benefit is not very clear, at least from UE implementation point of view. The UEs have to be designed for the worst case anyway, and hence they already have the complexity required to operate in case of largest granularity for TA.

Hence, a sufficiently small granularity for TA that is fixed in specs is the most robust way of signalling that information. 

2.3. Other related topics

[LG] There is a time gap between the TA command reception and the application of the updated TA to the actual UL transmissions. In addition, the UE may perform autonomous timing adjustment after receiving a TA command. It needs to be decided which TA value to be signaled via SA if the UE transmits SA after receiving a new TA command from eNB.
[ALU/ASB] Since TA would not be critical in determining D2D receiving window, the age of TA command is not critical either.    
3. Summary
The solutions discussed for including TA in SA can be summarized as follows:
· Option 1: TA in SA has 6 bits. The granularity is configurable.

Support: Qualcomm, Samsung, LGE

· Option 2: TA in SA has 6 bits. The granularity is determined by the CP length.


Support: ZTE, Panasonic

· Option 3: TA in SA has 6 bits with a fixed granularity. Additional offset value is configured for each resource pool.


Support: LGE, IDCC

· Option 4: TA in SA has more than 6 bits. One fixed granularity is specified.


Support: Ericsson, Nokia Corporation, Nokia Networks
· Option 5: 11-bit TA with 16 Ts resolution is signaled via SIB.


Support: Huawei, HiSi

· Option 6: No TA signaling for D2D link.


Support: ALU, ASB
· Option 7: TA in SA has 6 bits (2 bits represent TA in log scale and 4 bits in linear scale). The granularity is dependent on TA value and preconfigured/predefined TA granularity set.

Support: Intel

During the discussion, the following issues were raised.

· The exact meaning of “UL timing” in D2D transmission
· E.g., Mode 1 data transmission timing = WAN PUSCH timing  = TA value in SA + TA quantization error or Mode 1 data transmission timing = WAN PUSCH timing + TA quantization error  = TA value in SA
· The exact TA value signaled via SA
· E.g, the value closest to NTA or NTA_Ref at the time instance of the first transmission of the SA message.
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